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LE CYCLE DE DfiVELOPPEMENT 
DE VACROCHAETIUM PAR VULUM 
(RHODOPHYCEE, ACROCHAETIALE) 

M.H. ABDEL-RAHMAN* 


RESUME. — Le cycle de developpement de V Acrochaetium parvulum (Kylin) Hoyt a pu 
etre etabli en culture, a partir de son tetrasporophyte recolte pour la premiere fois dans 
la nature. 

ABSTRACT. — Starting from the tetrasporophyte, collected for the first time in nature, the 
life history of Acrochaetium parvulum (Kylin) Hoyt is established. 

MOTS CLfiS : Cycle de developpement, culture. Acrochaetium parvulum. Acrochaetiales. 


INTRODUCTION 

Acrochaetium parvulum (Kylin) Hoyt est une espece ordinairement epiphyte 
sur Porphyra umbilicalis (Linne) Kutzing, decrite par KYLIN (1906, p. 124) 
a partir de materiel sexue (gametophytes) trouve dans les eaux scandinaves 
(voir aussi ROSENVINGE, 1909). Elle a frequemment ete signalee depuis. et 
toujours a l’etat de gametophyte, le tetrasporophyte semblant inexistant ou tout 
au moins encore inconnu. 

Le present travail a ete entrepris a partir d’une souche qui s’est revelee a 
l’usage comme le tetrasporophyte de cette espece et dont la position systema- 
tique n’a pu etre determinee qu’a partir du moment ou les cultures ont permis 
de disposer de gametophytes fertiles. 


MATERIEL ET METHODES 

Le materiel employe au cours de cette etude est constitue par la souche 
n° 391 (Laboratoire de Biologie Vegetale Marine) etablie a partir de materiel 
recolte en octobre 1979 £ Roscoff (Bloscon) dans un individu de Porphyra 


* Laboratoire de Biologie Vegetale Marine, Universite Pierre et Marie Curie (Paris VI), 
7, Quai Saint-Bernard, 75230 Paris Cedex 05, France. 
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utnbilicalis 1 . Cette souche a ete multipliee ensuite par bouturage ou par le 
moyen des monospores qu’elle produit. 

Les cultures ont ete entretenues en milieu «ESP» de PROVASOLI (1968), 
renouvele deux fois par mois. Les recipients de culture sont des piluliers de verre 
cylindriques de 15 ml a cape plastique. Ils sont maintenus en enceintes clima- 
tisees a des temperatures de 10, 12, 14, 16, 18 et 20 (± 0.5)°C et a des condi¬ 
tions photoperiodiques de jour long (JL), de jour moyen (JM) et de jour court 
(JC), comportant respectivement 16, 12 et 8 h d’eclairement (hemeroperiodes) 
par jour, et parfois de jour court dont la nyctiperiode a ete scindee en deux 
periodes egales par une interruption de 1 h d’eclairement (B, hemeroperiode de 
8 h par jour). L’eclairement a ete obtenu par l’emploi de tubes fluorescents 
(Mazda, type «blanc industries), fournissant une lumiere d’une intensite de 5 
a 80/xE.m- 2 .s’ 1 , 

Le depouillement des experiences a lieu 4 a 6 semaines apres leur debut. 
Les echantillons ont ete examines in vitro sous le microscope. 


RfiSULTATS 

I. - LE MATERIEL SAUVAGE 

Le materiel qui a servi de point de depart a la souche n° 391 se presentait 
a l’etat de filaments irregulierement ramifies dans la paroi squclettique du 
Porphyra umbilicalis. Ces filaments sont formes de cellules allongees, legerement 
renflees en leur milieu, de 4 a 7 pm de diametre sur (8) 12-15 /lm de long; 
celles de l’extremite des filaments depassent la surface de l'hote; elles sont plus 
petites et peuvent etre pourvues d’un poil (fig. 1). Toutes contiennent un plaste 
parietal unique a bord parfois decoupe et pourvu d’un pyrenoide central. Les 
sporocystes n’ont pas ete observes sur le materiel sauvage. 

II. - DfiVELOPPEMENT OBTENU a PARTIR DE LA SOUCHE no 391 

a) Developpement des t£trasporophytes 

Des clones d'individus, prepares a partir des monospores produites en culture 
par cette souche, ont ete places dans les conditions precitees. Ces individus 


1. Cette souche a ete preparee par Monsieur le Professeur F. MAGNE. 


Fig. 1. - Acrochaetium parvulum (tetrasporophytes); materiel sauvage origine de la souche 
n° 391 (d’apres des croquis originaux de F. MAGNE. — A, B et C : differents filaments 
inclus dans la paroi squelettique de Porphyra umbilicalis ; seuls emergent des poils et des 

petites cellules (marquees - ) ) qui constituent l’extr^mit^ de ramules courts (sur 

cette figure, et sur toutes les suivantes, on lira : ca : carpogone- cs : carposporocyste; 
g : gonimoblaste; ms : monosporocyste; p : poil; py : pyrenoide; sp : spermatie; sps : 
spermatocyste; tr :trichogyne; ts : tetrasporocyste). 
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Fig. 2. — Acrochaetium parvulum en culture. Gametophytes males dont la cellule basale 
emet un (A a C), deux (D a G), trois (H a I), quatre (J), cinq (K) ou six (L) filaments 
dresses portant des spermatocystes et aussi des poils et souvent des monosporocystcs. 
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Fig. 3. — Acrochaetium parvulum en culture. Gametophytes femclles dont la cellule basale 
emet un (A), deux (B), trois (C et D) ou quatre (E et F) filaments dresses portant des 
carpogones et souvent aussi des monosporocystes et des poils. 
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Fig. 4. — Acrochaetium parvulum en culture. Gametophytes vegetatifs ou nc produisant 
encore que des monosporocystes et dont la cellule basale emet un (A et B), deux (C, 
D et E}, trois (F et H) ou quatre (G et I) filaments dresses. 


Source. MNHN, Paris 


LE CYCLE DE L’ACROCHAETIUM PARVULUM 


sont des nematothalles heterotriches composes d’une partie prostree, develop- 
pee, formee de filaments ramifies sans ordre, et d’une partie dressee, peu deve- 
loppee, formee de courts filaments de 2-7 (10) cellules qui peuvent se ramifier 
a leur tour. Les cellules sont claviformes ou parfois isodiametriques ou cylin- 
driques; elles ont de 5 a 10 fim de diametre et 8 a 15(20) urn de longueur. 
Chaque cellule contient un plaste parietal a bords plus ou moins decoupes, 
parfois de forme etoilee, et pourvu d’un pyrenoide central. Ce plaste est place, 
le plus souvent, vers le tiers superieur de la cellule. Des poils hyalins ont ete 
observes en position terminale ou latcrale (fig. 5 L et M). 

Les monosporocystes sont abondants, ils sont ovales ou spheriques (5-8 gm) 
et sont sessiles ou portes par des ramules unicellulaires. parfois solitaires mais 
groupes le plus souvent par deux sur les filaments dresses. Les monospores, 
liberees, germent en se vidant de leur contenu dans la premiere cellule d’un 
nouveau thalle (fig. 5 L et M, fig. 6). 

Ces thalles sont en fait des tetrasporophytes car outre des monosporocystes, 
ils produisent des tetrasporocystes a division cruciee (fig. 5 et 6), situes sur 
les filaments dresses de faqon identique aux monosporocystes; ils sont ovales 
ou spheriques (10-12 x 15-20(25) /im). 

La formation des monosporocystes, sur ces individus, a ete observee dans 
tous les photoregimes utilises, sous des eclairements variant de 5 a 40 juE.m' 2 .s' 1 
et dans un intervalle de temperature de 10 a 16°C, tandis que la formation 
des tetrasporocystes n’a ete observee qu’en jours longs (5-20 fiE.m' 1 .s' 1 , 10- 
20 C). Toutefois, au cours d’une experience preliminaire, des cchantillons 
(conserves a 10 C, JC, 15-18 /jE.m" 2 .s' 1 ) ont forme des tetrasporocystes dans 
les conditions B (15-18 /iE.m' 2 .s' 1 ,10°C). 

b) D^veloppement des gametophytes 

La dissection et la remise en culture des tetrasporocystes ont permis de 
suivre la liberation des tetraspores et leur developpement. Les tetraspores, lors 
de leur germination, ne se vident jamais de leur contenu. Elies donnent naissance 
a des individus portant des organes sexues qui sont, done, des gametophytes. 

Les gametophytes sont constitues d’une cellule basale arrondie (10-12 fim) 
qui emet de un a six filaments dresses. Les cellules de ceux-ci sont claviformes 
(parfois isodiametriques ou cylindriques) de 5 a 10 /Lim de diametre et de 10 
a 12(15) £(m de long. Les filaments sont courts (2 a 8 cellules) soit simples 
soit portant des courts ramules irregulierement disposes formes de 2 (parfois 4) 
cellules. Des poils hyalins (jusqu’au 100 /im) terminaux ou lateraux ont ete 
observes (fig. 2, 3, 4 et 7). 

Les gametophytes sont dio'iques; les deux sexes ont ete toujours observes 
sur des individus differents. Les pieds males portent des spermatocystes sphe¬ 
riques de 4 a 7 lim de diametre, groupes par 2 ou 3 (rarement isoles) sur une 
cellule-mere. Les cellules-meres sont elles-memes groupees par deux (parfois 
solitaires) aux extremites des filaments (fig. 2). Toutefois, des cellules-meres 
placees lateralement ont ete observees (fig. 2). Les pieds femelles portent des 
carpogones, ovales ou lageniformes (10-12 /tm), surmontes par un trichogyne 
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Fig. 5. — Acrochaetium parvulum (developpement du carposporophyte et du tetrasporo- 
phyte) en culture. - A : individu femelle portant deux carpogones et un zygote allonge. 
B : individu femelle portant deux carpogones. des monosporocystes et un carposporo¬ 
phyte. C a K : difft rents stades de developpement dc tetrasporophytes a partir de carpo- 
spores. L et N : tetrasporophytes obtenus a partir de monospores dela souche sauvage; 
en L, le tetrasporophyte encore sterile, compose d un filament rampant portant des 
filaments dresses courts (2 a quelques cellules) et parfois ramifies ainsi qu’un poll; en M, 
portion d’un tetrasporophyte portant un tetrasporocyste et un poilsur un filament dresse. 


LE CYCLE DE L’ACROCHAETIUM PARVULUM 



Fig. 6 — Acrochaetium parvulum (tctrasporophytes) en culture. - A a D : stades de la 
germination de monospores; la spore se vide toujours. E ; tetrasporophyte adulte portant 
plusieurs tetrasporocystcs. F et G : tetrasporocystes. 


(1240 /Mi). Ils sont sessiles ou pedicelles, places lateralement ou parfois termi- 
naux, sur les filaments dresses (fig. 3). 

La formation des gametocystes (males et femelles) a ete observce dans toutes 
les conditions photoperiodiques (JC, JM et JL); mais, alors que les spermato- 
cystes ont ete obtenus dans un intervalle de temperature de 10 a 12°C et sous 
un eclairement de 5 a 20 nE.m~ 2 .s _l , la formation des carpogones a ete limitee 
a la seule temperature de 10°C et sous un eclairement de 5 a 10 nE.m' 2 .s" 1 . 

La fecondation a ete frequemment observee. Le carpogone feconde devenu 
zygote s’allonge en repoussant le trichogyne sur le cotc; il devient moins colore 
(fig. 5 A), se gonfle et se divise transversalement en formant deux cellules 





Fig. 7. — Acrochaetium parvulum (gametophytes) en culture. - A a 1 : individus males 
portant des spermatocystes (a l’extremite de cellulcs-meres), des poils ou/et des mono- 
sporocystes. J a L : individus femelles portant des carpogoncs, des poils ou/et des 
monosporocystes. M : individu asexue portant des monosporocystes. N et O : deux 
individus v^getatifs, portant seulement des poils. 


Source: MNHN, Paris 
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primaires done la terminale devient un carposporocyste tandis que la cellule 
basale produit d’autres carposporocystes, soit directement soit a l’extremite 
de filaments bicellulaires, l’ensemble constituant un carposporophyte (fig. 5 B). 
Les carposporocystes sont ovales ou parfois spheriques (7-8 x 10-13 (Um). Les 
carpospores germent en se vidant de leur contenu dans la premiere cellule d’un 
filament rampant d’un nouveau tetrasporophyte (fig. 5 C a K); celui-ci a en effet 
produit des tetrasporocystes dont les tetraspores ont conduit a de nouveaux 
gametophytes. 

Les gametophytes des deux sexes portent frequemment, et souvent des avant 
la production de spermatocystes ou de carpogones, des monosporocystes; ceux- 
ci, ovoides ou spheriques (7-9(10) x 10-12(14) pm), sont le plus souvent soli¬ 
taires et sessiles ou rarement groupes par deux sur un ramule unicellulaire 

(fig- 4). 


DISCUSSION 

En ce qui concerne la position systematique de YAcrochaetium parvulum, 
ni le materiel sauvage, ni les tetrasporocystes apparus en culture sur ses des¬ 
cendants directs — demontrant sa nature tetrasporophytique - n'ont fourni 
des caracteres permettant d’identifier celui-ci a une espece deja decrite. 

En fait, ainsi qu’il a ete dit plus haut, cette identification n’a ete possible 
qu’a partir du moment ou les tetraspores ont fourni des gametophytes. Ceux-ci, 
par l’ensemble de leurs caracteres cytologiques et morphologiques, doivent 
etre rapportes a YAcrochaetium parvulum , tel qu’il a ete decrit par KYLIN 
(1906, p. 124 sous le nom de Chantransia parvula). Cet auteur n’a pas laisse 
d’echantillon-type (cf. DIXON et IRVINE, 1977, p. 105), de sorte que le type 
est constitue par les figures accompagnant la description (fig. 9, a a g). Les 
individus gametophytiques obtenus ici en culture leur correspondent parfai- 
tement, ainsi d’ailleurs qu'aux var. parvula et brevior de YAcrochaetium hal- 
landicum (Kylin) Hamel que ROSENV1NGE (1909, pp. 96-97 sous le nom 
de Chantransia hallandica ) a cru devoir distinguer; ce dernier resultat apporte 
par nos cultures nous paralt etre un argument pour assimiler ces deux varietes 
a YAcrochaetium parvulum (Kylin) Hoyt. 

Les deux especes parvulum Kylin et hallandicum Kylin sont, d’apres les 
descriptions originales, morphologiquement tres proches l'une de l’autre mais 
presentent de legeres differences de taille et de dimensions cellulaires, hallandi¬ 
cum etant la plus robuste. Cette demiere espece a ete cultivee et etudiee en 
culture par STEGENGA et BORSJE (1977), ce qui permet, au niveau des indi¬ 
vidus en culture, de la comparer a parvulum. Outre l’ecart des dimensions qui 
persiste, deux differences se remarquent. Tout d’abord, la germination des 
carpospores et des monospores du tetrasporophyte s’effectue differemment 
chez les deux especes; elle est septee chez Yhallandicum et non chez \e parvulum 
ou elle est unipolaire. Ensuite, le plaste est toujours de forme etoilee a pyre- 
noide axial chez hallandicum, alors qu'il est frequemment parietal chez par¬ 
vulum. 
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L’A. parvulum, a l’etat de gametophyte, ressemble enfin beaucoup a l’A. 
maluinum Hamel et a 1 ’A. battersianum Hamel (1927); pour preciser les dif¬ 
ferences entre celui-ci et ces deux dernieres especes, - ou bien pour confondre 
celles-ci en un seul taxon, Audouinella battersiana (Hamel) Dixon comme 
l’ont propose DIXON et IRVINE (1977), ou encore assimiler 1 ’A. maluinum 
a VA. parvulum, comme l’a pensc KYLIN (1944) — il est necessaire de les 
etudier en culture parallelement. 

Le cycle de developpement de VA. parvulum a pu etre etabli. Jusqu’alors, 
cette espece n’etait connue que sous la forme de gametophytes. Nos resultats 
montrent qu'apres la fecondation, les carpospores qui en derivent se develop- 
pent en un tetrasporophyte, et qu’enfm les tetraspores de ce dernier redonnent 
le gametophyte: L’espece possede done un cycle trigenetique et tres vraisembla- 
blement haplo-diplophasique (bien que la taille tres exigue des noyaux n’ait 
pas permis d’y denombrer les chromosomes). En outre, ce cycle est hetero- 
morphe, le gametophyte etant constitue d’une base unicellulaire emettant des 
filaments dresses tres peu nombreux alors que le tetrasporophyte comporte 
des filaments rampants abondants et des filaments dresses nombreux. 

On doit remarquer que les deux generations libres, le gametophyte et le 
tetrasporophyte, se rencontrent sur le meme hote ( Porphyra umbilicalis), le 
premier etant epiphyte et le second endophyte. On pourrait done penser que 
VA. parvulum est un epiphyte specifique du Porphyra umbilicalis. En fait, s’il 
a ete le plus souvent — a l’etat de gametophyte — signale sur cet hote, il peut 
aussi se rencontrer sur d’autres supports : sur differents Polysiphonia (ROSEN- 
VINGE, 1909; HOYT, 1920; LEVRING. 1937), sur Chaetomorpha (HAMEL, 
1927) ou sur d’autres algues (LEVRING, 1937; DIXON et IRVINE, 1977). 
De toute faqon, le developpement obtenu sans difficulte en l’absence de toute 
autre espece au cours des cultures est une preuve qu’il n’existe, au moins chez 
cette espece, aucun rapport obligatoire entre l’hote et I’epiphyte. 


Nous remercions tres vivement M. le Professeur Francis MAGNE pour l’aide patience et 
si aimable qu’il a bien voulu nous prodiguer au cours de ^experimentation et de la redaction 
de cet article. 
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SUR DES fiCHANTILLONS DE LAMINARIA DIGITATA 
A STIPE BIFIDE : 

UNE HYPOTHESE RELATIVE A LEUR ORIGINE 

J. COSSON*, P. GAYRAL* et R. OLIVARI** 


RESUME. - Des echantillons de Laminaria digitata a stipe bifide ont ete recoltes en diffe¬ 
rences localites des cotes normandes. Ces algues pourraient etre des hybrides naturels entre 
les deux especes L. digitata (L.) Lam. et L. saccharina Lam. ainsi que semblent le suggerer 
les cultures, au laboratoire, des spores issues de ces echantillons anormaux, 

SUMMARY. - Specimens of Laminaria digitata with bifurcate stipes were gathered from 
different localities of the coasts of Normandy. Such plants could be the natural hybrids 
between the two species L. digitata (L.) Lam. and L. saccharina Lam. as the laboratory 
cultures of the spores issued from the abnormal thalli seem to suggest. 

MOTS CL£S : Hybridation, Laminaria digitata, Laminaria saccharina, Normandie. 


Les travaux de C. SAUVAGEAU (1918) ont montre qu’il existe parfois, 
au sein de populations de Laminaires, des echantillons anormaux proches de 
Laminaria digitata (L.) Lam. mais caracterises par un stipe divise en deux bran¬ 
ches dont chacune est prolongee par une lame porteuse d’une ramification 
laterale perpendiculaire a son plan. Ces anomalies, d’apres C. SAUVAGEAU, 
peuvent ne pas etre rares. Dans les herbiers Lenormand, Pelvet et Lamouroux 
conserves au Laboratoire d’Algologie fondamentale et appliquee de l’Universite 
de Caen, un certain nombre d’echantillons classes dans le genre Laminaria 
presentent des anomalies au niveau du stipe ou de la lame. Dans les populations 
de Laminaires des cotes de Basse-Normandie, nous avons pour notre part ren¬ 
contre tres exceptionnellement des echantillons «anormaux# dont la plupart 
se caracterisent par un stipe lisse et flexible divise en deux branches aux deux 
tiers de sa longueur; chaque branche, surmontee par une lame divisee en lanieres, 
possede parfois trois ailes perpendiculaires les unes aux autres. Ces algues ont 
done un aspect plutot proche de L. digitata; nous les designerons par le terme 
L. digitata a stipe bifide (LD2S). De tels thalles ont ete recoltes a differentes 


* Laboratoire d'Algologie fondamentale et appliquee, Universite de Caen, 39, rue Des- 
moueux, 14000 Caen, France. 

** Universidad Catolica de Valparaiso, Avenida Brasil 2950, Casilla 4059, Valparaiso (Chile). 
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epoques a Granville (fevrier 1980), a Grandcamp (mai 1980 et mai 1981), a 
Barfleur (mai 1981), a Ver-sur-mer (octobre 1981) (planche 1-a), a la pointe 
de Saire (juin 1981) et aux lies St-Marcouf ou ils etaient d’ailleurs relativement 
abondants (planche 1-b). L’un des echantillons recoltes a la pointe de Saire avait 
un stipe divise en trois branches, chacune etant surmontee d’une lame a trois 
ailes bien developpees. LE JOLIS (1885) et SAUVAGEAU (1918) indiquent 
que rien ne permet de supposer que le type d’anomalie decrite soit la conse¬ 
quence d’une blessure. TOKIDA et al. (1958) ont par ailleurs observe une 
chimere ayant un aspect morphologiquc proche de celui des echantillons de 
Sauvageau et que ces auteurs supposent etre issue d’un croisement entre les 
genres Alaria et Laminaria. 

Tous les echantillons rencontres vivaient dans une population constituee en 
majorite par des thalles de L, digitata avec parfois un certain nombre de L. 
saccharina Lam. Ceci nous a conduits a emettre l’hypothese que ces algues 
morphologiquement anormales pourraient etre des hybrides naturels issus du 
croisement entre L. digitata et L. saccharina, seules especes presentes dans la 
plupart des cas (Granville, Grandcamp, Luc-sur-mer, St-Vaast-La Hougue), 
bien qu’il faille noter la presence supplemental de L. hyperborea (Gunner) 
Foslie a Barfleur et aux lies Saint-Marcouf. Par ailleurs, les hybridations expe- 
rimentales realisees au laboratoire par OLIVARI (1981) ont montre, en tenant 
compte de la formation par parthenogenese de sporophytes non viables, qu’il 
etait possible d’obtenir des hybrides viables entre diverses especes de Laminaires 
et. en particulier, entre L. digitata et L. saccharina, avec des taux de 63 % {% du 
nombre total de sporophytes apparus dans les cultures) lorsqu’on realise le 
croisement L. digitata 6 x L. saccharina 9 et de 48 % pour le croisement reci- 
proque L. digitata 9 x L. saccharina d. Pour verifier notre hypot'hese, certains 
echantillons etant porteurs de sores, nous avons rccolte et cultive les spores 
jusqu’a l’obtention de jeunes sporophytes en comparant ces cultures avec celles 
des especes supposees parentes et avec celles des hybrides obtenus au laboratoire 
par croisement entre L. digitata et L. saccharina. 

1. - METHODES et techniques 

Les gametophytes males et femelles des especes retenues sont obtenus a partir 
des spores (COSSON, 1972). Les cultures sont realisees en milieu ES-Tris 
(COSSON, 1973) sous un eclairement blanc de 2 W.m -2 fourni par des tubes 
fluorescents Philips «Blanc Industrie)) pendant 12 heures par jour, a une tempe¬ 
rature constante de 11 C. Le milieu est renouvele tous les 15 jours. 

Pour realiser l’hybridation entre L. digitata et L. saccharina (COSSON et 
OLIVARI, 1982), nous avons separe, sept a dix jours apres 1’ensemencement 
des spores, les prothalles males et femelles. Vers le vingtieme jour de culture, 
dans des boites de Petri stcriles, les prothalles de sexes opposes appartenant 
aux deux especes sont mis en presence pour realiser les deux croisements reci- 
proques suivants : 

L. digitata 6 x L. saccharina 9 

L. digitata 9 x L. saccharina d 
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Les parametres permettant de mesurer la croissance et la fertilite des game- 
tophytes sont ceux definis pax COSSON en 1975 et concernent la croi ssan ce de 
l’axe principal (rythme des mitoses VM et allongement journalier dLA), la 
ramification de cet axe (pouvoir ramificateur R/N), le nombre de prothalles 
fertiles (GF) et le nombre de cystes par prothalle fertile (NC). 

n. - resultats 

1) Developpement des gametophytes de L. digitata a stipe bifide compare 
4 celui des gametophytes de L. digitata et de L. saccharina. 

a) Croissance et ramification 

Ainsi que le montrent les resultats du tableau 1, le rythme moyen des mitoses 
dans les axes principaux des prothalles males et femelles est intermediaire 
entre celui des prothalles de L. digitata (le plus bas) et celui des prothalles de 
L. saccharina (le plus eleve). Il en est de meme en ce qui concerne l’allongement 
journalier de l’axe principal. Par contre, le pouvoir ramificateur qui semble au 
debut du developpement etre relativement eleve, diminue ensuite fortement 
(des le 15eme jour de culture) et se stabilise vers le 20eme jour a des valeurs 
sensiblement plus faibles que celles observees sur les prothalles de L. digitata 
ou de L. saccharina. 



Tableau 1. — Croissance ec fertilite des gametophytes de Laminaria digitata a stipe bifide 
(LD2S), comparees a celles des prothalles de Laminaria digitata (LD) et de Laminaria 
saccharina (LS). 

b) Fertility 

La fertilite, marquee par 1’apparition des gametocystes, des prothalles males 
et femelles issus de Laminaria digitata a stipe bifide est en avance sur celle des 
prothalles de L. digitata ou de L. saccharina, mais ede se poursuit sur une pe- 
riode beaucoup plus longue. Le nombre de cystes par prothalle fertde (NC) est, 
soit inferieur dans le cas des prothades males a celui obtenu avec les especes 
supposees parentes, soit intermediaire dans le cas des gametophytes femelles. 

A la lumiere de ces resultats, il semble done que les gametophytes issus des 
spores de L. digitata a stipe bifide ont un comportement intermediaire entre 
celui des prothades de L. digitata et de L. saccharina. La fertdite semble cepen- 
dant plus reduite par rapport a cede des especes supposees parentes. 
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Planche I. - a-b : fichantillons de L. digitata a stipe bifide, recoltes a Ver-sur-Mer (a) et aux 
lies Saint-Marcouf (b) en 1981; c-d : Sporophytes d'un an obtenus a partir des pro- 
thalles 9 de L. digitata a stipe bifide. 


Source. MNHN, Paris 
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2) Developpement de la premiere generation sporophytique issue de thalles 

a stipe bifide 

Les observations morphologiques, realisees apres 45 jours de culture sur les 
jeunes sporophytes issus de prothalles 9 de L. digitata a stipe bifide, montrent 
la presence de 3 lots d’algues. 

a) Des sporophytes (environ 60 %) dont la forme rappelle celle des plantules 
de L. digitata, mais dont une partie (45 %) se transforme progressivement, 
apres 60 jours de culture, pour presenter dans la region centrale des prolifera¬ 
tions qui pourraient etre les premiers signes de la formation des trois ailes des 
lames et dont le stipe est nettement bifide apres 12 mois de culture (planche 1-c). 
L’autre partie (15 %) continue son developpement a la maniere de L. digitata 
(planche 1-d). 

b) Des sporophytes (environ 25 %) ayant emis au sommet une proliferation 
filamenteuse a grandes cellules. Cette zone filamenteuse se divisc tres active- 
ment, conduisant au bout de 4 mois de culture a une lame rubanee qui rappelle 
celle de L. saccharina. 

c) Des sporophytes «anormaux» (environ 15 %) ayant en particulier un 
systeme rhizoi'dal developpe aux extremites basale et apicale de la lame. Ces 
plantules qui meurent tres rapidement pourraient resulter du developpement 
parthenogenetique des oospheres. 

3) Developpement du sporophyte resultant du croisement experimental entre 

L. digitata et L. saccharina. 

L’hypothese formulee a propos des thalles a stipe bifide nous a conduits a 
observer la morphologie de jeunes sporophytes resultant de croisements experi- 
mentaux entre les especes supposees parentes. 

Parmi les jeunes thalles hybrides, il n’a pas ete possible de retrouver les 
caracteristiques des thalles a stipe bifide; ces jeunes sporophytes presentaient 
une morphologie intermediaire entre celle des thalles du meme age obtenus 
en culture a partir de chacune des especes. 

CONCLUSION 

Certains des resultats obtenus paraissent confirmer l’hypothese selon laquelle 
les thalles a stipe bifide pourraient etre des hybrides entre L. digitata et L. 
saccharina. Ce sont : le caractere intermediaire que presente la croissance des 
prothalles, la diversite morphologique observee chez les sporophytes de premiere 
generation issus des thalles a stipe bifide. Cependant il faut remarquer, dans 
les sporophytes obtenus en laboratoire par le croisement de L. digitata avec 
L. saccharina, l’absence de thalles a stipe bifide. 

Toutefois puisque les hybridations sont possibles et produisent des thalles 
viables, atteignant au bout du meme temps la dimension des algues developpees 
dans la nature, comme l’indiquent les experiences en cours, on peut affirmer 
que la variability doit etre importante dans les produits de ces croisements. 
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Le caractere «aile» de la lame peut n’etre qu’un phenotype plus spectaculaire 
que d’autres, qui singularise des individus au sein de populations dans lesquelles 
leur frequence peut cependant etre faible. En raison meme de la faible proba¬ 
bility de realisation de ce type morphologique, son absence dans des lots de 
thalles hybrides experimentaux en nombre necessairement limites n’est pas 
suffisante pour infirmer notre hypothese. De la meme faqon la fertilitc des 
thalles a stipe bifide, hybrides par hypothese, n’implique pas la fertility future 
de tous les hybrides experimentaux en cours d’observation, mais non encore 
parvenus a l’age mature. C’est dire que l’etude de la variability sous tous ses 
aspects y compris dans le degre d’isolement reproductif devrait etre particuliere- 
ment fructueuse dans la mesure ou des hybridations expcrimentales pourraient 
etre realisees a grande echelle chez les Laminariales. 
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THE TAXONOMY OF ENTEROMORPHA LINK, 1820 
(CHLOROPHYCEAE) IN THE NETHERLANDS 
III. The sections Flexuosae and Clathratae 
and an addition to the section Proliferae 

R.P.T. KOEMAN and C. van den HOEK* 


ABSTRACT. - On the basis of 202 living samples from 36 different stations, six Entero- 
morpha species were distinguished and described for the Netherlands coasts within the 
sections Proliferae, Flexuosae (Bliding’s «Flexuosa Group#, here including E. ralfsii) and 
Clathratae (Bliding’s «Clathrata Group#). E. lima (Linnaeus) J. G. Agardh was added to 
the section Proliferae. F.. limiformis Bliding, E. pilifera Kuetzing, E. flexuosa (Wulfcn ex 
Roth) J. G. Agardh, and E. ralfsii Harvey were ranged in the section Flexuosae. and E. 
clathrata (Roth) Greville in the section Clathratae. Unialgal cultures were isolated from 
part of the samples in order to test the validity of the taxonomic criteria and to test the 
growth responses to varying salinities. The macroscopic morphology of the plants appeared 
to present the most distinctive differences between the species within the sections Proliferae 
and Flexuosae. The morphology of the basal parts and the morphology and distribution of 
filiform branchlets, if present, offered, additional criteria, whilst cell sizes and cell arrange¬ 
ments showed some, mostly minor differences. Diversity in the species of the sections 
Proliferae, Flexuosae and Clathratae in the Netherlands agrees well with the diversity 
recognized until now. E. limiformis, E. pilifera, E. ralfsii and E. clathrata are euryhaline 
species occurring in euhaline to mesohaline waters. E. pilifera and E. flexuosa grow even in 
oligohaline waters. E. lima consists of moderately euryhaline and widely euryhaline popu¬ 
lations. The moderately euryhaline E. lima cultures only grew well in salinities ranging from 
25-75 9bo S. The widely euryhaline £. lima cultures and cultures of E. limiformis and E. 
ralfsii grew well in salinities ranging from 4-34 9bo S. E. pilifera and E. clathrata grew well 
•in 1.5-34 9bo S, and £. flexuosa even in 0.5-34 %o S. In the discussion a key is presented 
to the four sections of Enteromorpha occurring in the Netherlands, (sections F.nteromorpha, 
Proliferae, Flexuosae, Clathratae ). These sections are distinguished on the basis of micro¬ 
scopic characters (arrangement and size of cells; number of pyrenoids per cell; position of 
chloroplasts in cells). 

KEY WORDS ; Chlorophyceae Enteromorpha, taxonomy, floristics, Netherlands coasts, 
morphology, reproduction, ecology, cultivation. 


* Department of Marine Biology, Biological Centre of the University, P. O. Box 14, 
9750 AA Haren, The Netherlands. 
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INTRODUCTION 

The present study completes a series of four papers on the taxonomy of 
Ulvales in the Netherlands. BLIDING’s (1963, 1968) revisions of European 
Ulvales have led to the distinction of many more species (and subspecific taxa) 
in Enteromorpha and Ulva for European shores than previously recognized. 
BLIDING’s revisions are based on living samples collected from widely distant 
points along the European coasts, and the number of samples studied per taxon 
is therefore necessarily limited in relation to the vastness of these coasts. 

The question behind the present and preceding studies is whether a much 
more intensive sampling strategy in a much more limited geographical area 
would either lead to the same taxonomic concepts as BLIDING’s or would 
produce morphological intermediates thus permitting the distinction of fewer, 
but geno- as well as phenotypically polymorphic species, or would disclose 
on the contrary, an even greater diversity on a much more local scale and this 
in relation to the vast estuarine gradients typical for the Netherlands coasts. 

The results of the preceding studies in this series of papers on the taxonomy 
of the Netherlands species of Ulva (KOEMAN & van den HOEK, 1981), Entero¬ 
morpha, section Enteromorpha (KOEMAN & van den HOEK, 1982 a) and 
Enteromorpha, section Proliferae (KOEMAN & van den HOEK 1982 b), respec¬ 
tively, largely confirm BLIDING’s taxonomic concepts, but revealed an even 
greater diversity than found by BLIDING. Moreover, the number of species 
inhabiting the Netherlands coasts appeared to be much greater than previously 
thought. The present paper reports the results of our researches on the taxo¬ 
nomy of Enteromorpha lima, which species is added to the section Proliferae; 
on Enteromorpha, section Flexuosae; and on the section Clathratae with only 
one species found in the Netherlands : E. clathrata. In the discussion, a key is 
presented to the four sections of Enteromorpha here recognized. As in the 
previous papers, we adopted as much as possible BLIDING’s (1963) nomen- 


MATERIAL AND METHODS 

Material (126 living samples in E. lima, 65 in the section Flexuosae and 11 
in the section Clathratae on a total of 676 samples in the genus Enteromorpha) 
was collected in the period from February 1975 through October 1977 from 
the stations indicated in Fig. 1, and described in Table 1 of KOEMAN and van 
den HOEK (1982 a). For particulars of sampling and description of natural 
material, see KOEMAN and van den HOEK (1981). 

In addition, the morphology of about 7 days old cultured germlings was 
studied as well as the morphology of 30 days old plants cultured in media 
with the following salinities : 0.5 ?bo S (medium 1); 1.5 %o S (medium 2); 
4 %o S (medium 3); 9 9bo S (medium 4); 17 %o S (medium 5); 25 %o S (me¬ 
dium 6); 34 ?bo S (medium 7); and in some cases the hypersaline media 50 °/bo S 
(medium 8), and 75 %o S (medium 9). For a more complete treatment of the 
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Fig. 1. Map of the Netherlands showing stations and approximate isohalines in tidal 
waters and salinity ranges (?bo S) in nontidal waters. The investigated waters were 
divided into the following salinity sections : 1. euhalinicum (between the 32 and 30 %o 
S isohalines); 2. polyhalinicum (between the 30 and 18 %o S isohalincs); 3. mesohalini- 
cum (between the 18 and 5 Too S isohalines); and 4. the oligohalinicum (between 5 and 
0.5 9bo S isohalines). Moreover, some stagnant oligohaline to freshwater ditches were 
sampled (stations nrs ; 2b, 3a, 4a, 8a, 10a, 16a, 18a, 18b, 26b). 

Actually the tidal waters are subject to vast semidiurnal salinity fluctuations and fluctua¬ 
tions depending on river discharge, whereas the brackish man-made lakes show much 
less pronounced and yearly rather than dayly salinity fluctuations. Lake Grevelingen 
(stations 13-17) and Lake Veere (stations 21-24) used to be tidal estuaries, but were 
enclosed by dams and transformed into saline lakes in 1961 and 1971, respectively 
(for references see KOEMAN & van den HOEK, 1981). 














Fig. 2-21. - E. lima, 4-flagellace type. Fig. 2. plant no. 577. Figs 3, 4, 5, 6. 4-flagellate 
zoospores. Figs 7, 8, 9, 10, 11. 12. 30 days old cultures, same material as Fig. 2, Fig. 7 
in 9 %o S medium. Fig. 8 in 17 %>o S medium, Fig. 9 in 25 %o S medium. Fig. 10 in 
34 %o S medium, Fig. 11 in 50 %o S medium. Fig. 12 in 75 9bo S medium. Fig. 13. basis 
of plant no. 368. Fig. 14. young plants from nature; a, b, plants no. 85a and 85b respec¬ 
tively. Fig. 15. plant no. 368. Fig. 16. 17, 18, 19, 20. 30 days old cultures, same material 
as Fig. 15, Fig. 16 in 9 %o S medium, Fig. 17 in 17 %o S medium, Fig. 18 in 25 %o S 
medium, Fig. 19 in 34 9bo S medium, Fig. 20 in 50 Too S medium. Fig. 21. basis of 
plant no. 577. 


Source: MNHN, Paris 
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Fig. 22-26. — E. lima, 4-flagellate type, cells in surface view, same material as Fig. 2. 
Fig. 22. lower basal region, lower zone. Fig. 23. lower basal region, upper zone. Fig. 24. 
upper basal region. Fig. 25. middle region. Fig. 26. apical region. 
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methods used, see KOEMAN & van den HOEK (1981); for a description of the 
sampling stations, and criteria used for the distinction of species in Entero- 
morpha, see KOEMAN & van den KOEK (1982 a). 

SECTION PROLIFERAE KOEMAN & van den HOEK (1982 b) 

— E. LINZA (Linnaeus) J.G. Agardh 

- Description (Figs 2-51) 

Morphology (Figs 2,7-21,27, 29, 34-46) 

Thalli strap-shaped, oblong, oblanceolate or irregular in outline, smooth, 
with undulating to ruffled, in mesohaline environments often entire margins; 
the two layers adnate and with hollow margins; rigid or lubricous. Plants un¬ 
branched or seldom with one or two broad branches in the upper basal part of 
the main frond. Medium green in euhaline environments to yellowish or light 
green in polyhaline to mesohaline environments. The basal parts of the thalli 
gradually narrowed, towards the base, into the firm (in large plants) to slender 
(in small plants) stipe, with a stout disciform holdfast, from which new thalli 
may arise. Plants up to 70 cm high and 15 cm broad, but mostly much smaller. 

Anatomy, lower basal region (Figs 13, 21-23, 46-48) 

In surface view, the stipe shows large dark and lighter coloured rhizoidal 
cells, which are interspersed by variously but mostly lighter coloured vegetative 
cells with which they form short undulating or curved cell rows. The vegetative 
cells may be also arranged without any order among the bigger rounded rhizoidal 
cells. Cell walls 2-9 pm thick. Chloroplast parietal, its structure sometimes 
obscured by large starch grains. In rhizoidal cells the chloroplasts mostly fill a 
large part of the rhizoids, which are thus quite conspicuous. In surface view the 
darker part just above the stipe shows many dark coloured rhizoidal and vege¬ 
tative cells, which are more closely packed and mostly bigger than in the lower 
lighter coloured part of this region. 

Anatomy, upper basal region (Figs 24,49) 

Cells in the upper basal region irregularly polygonal with 4-6 rounded corners, 
or elliptic to round, showing mostly slightly unequal divisions, unordered in 
full grown plants, or arranged in short to long undulating cell rows. Cell walls 
of full-grown plants characteristically thick : 4-8 pm, in younger plants 1-3 pm. 
The central thicker part of the parietal chloroplast, containing the mostly 
single pyrenoid, totally covering the outer cell wall, with thick arms descending 
along the anticlinal cell walls. The chloroplast structure is often obscured by 
numerous large starch grains. Pyrenoids 1; 2 in less than 20 % of the cells, 
4-5 pm in diameter, round or elliptic. 

Anatomy, middle and apical region (Figs 25, 26, 50, 51) 

Cells in the middle and apical region characteristically quadrangular to 
rectangular, but often also irregularly polygonal in large areas of these regions. 
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showing mostly equal divisions, arranged in short to long longitudinal and trans¬ 
verse cell rows, or rows with oblique orientation, often areas are interspersed 
in which order is much less clear. Cell walls in the middle region 1-4 £tm, in the 
apical region 1-5 pm thick. The central thicker part of the chloroplast containing 
the pyrenoid(s) completely covering the outer cell wall, or tilted towards any 
anticlinal cell wall and having a more or less cap-like appearance in surface view, 
with rather thin descending arms. Pyrenoids 1 per cell, 2 in less than 20 % of 
the cells, 3-5 pm in diameter, round or elliptic. 


Reproductive cells (Fig. 3-6, 28, 30-32) 

In the collected material plants occurred which produced 4-flagellate zoids, 
and other plants which produced 2-flagellate zoids. Although simultaneous 
sporulation seldom occurred, 2-flagellate zoids from different plants were mixed 
in a few experiments, but no copulations were observed so that they are consi¬ 
dered as asexual zoospores. Mostly they were positively phototactic, in some 
cases negatively phototactic, and in one case they showed no phototaxis. 


Measurements based on 126 plants (in p m) 


axis, cells in surface view : 

lower basal region, lower zone 
lower basal region, upper zone 
upper basal region 
middle region 
apical region 

— 4-flagellate zoospores 

— 2-flagellate zoospores 


(17-)22(-28) x (11-)13(-17) 
(14-)18(-25) x ( 9-)12(-14) 
(11-)13(-16) x ( 8-)10(-ll) 
(11-)14(-16) x ( 8-)10(-ll) 
(12-)15(-18) x ( 9-) 11(-13) 
(6.5-)8(- 9) x ( 5-) 6(- 7) 
(5.5-)6.5(-7.5) x (3.5-)4(-4.5) 


Morphology of germlings and young fronds (Fig. 33) 

Zoospores germinate by forming a rhizoid, immediately after that a strongly 
growing upright monoseriate filament. Mostly the rhizoidal part is well deve¬ 
loped and contains many long branched rhizoids. In a later stage the filaments 
grow into hollow cylinders, which become compressed when a few cm high. 
More filaments may sprout from some spherical rhizoidal cells. 


- Ecology and distribution 

E. lima has been collected from 26 stations (see Table 1 and Fig. 1). 


TABLE 1. — Specimens investigated 

(for locality numbers see Table 1 in KOEMAN & van den HOEK, 1982a) 

1 (II, ’75, plants no. 32, 33; VII, ’75, plants no. 48, 51, 52); lc (V, ’75, plants no. 19, 24); 

2 (VIII, ’75, plants no. 60, 63); 3 (IV, ’75, plants no. 5, 6, 12); 4 (VI, ’76, plants no. 546, 
549); 4b (VI, ’76, plant no. 560); 5 (III, ’76. plants no. 243, 244, 245; V, ’76, plants no. 
463, 464, 465, 466, 467, 474, 475, 476; VI, ’76, plants no. 536, 537, 538, 539, 545); 
5a (V, ’76, plants no. 488, 489); 6 (VI, ’75, plants no. 85, 86 : III, ’76, plants no. 275, 277); 
6b (VI, '75, plants no. 160, 163,164; III, ’76, plant no. 281; VI, ’76, plants no. 429a, 430, 
431, 432, 529, 530); 7 (III, ’76, plants no. 221, 222, 225, 226; V, ’76, plants no. 433, 434, 
435, 437, 438, 439, 440, 447, 448; VI, ’76, plants no. 491, 492, 493. 495, 496, 497, 503); 
7b (VI, ’76, plants no. 518, 519, 520, 521,523, 524); 10 (VI, ’75, plants no. 189, 190, 191, 


Source: MNHN, Paris 





Fig. 27-46. - E. lima, 2-flageUate type. Figs 27,29. plants with zoids, plants no. 243 and 345 
respectively. Figs 28, 30, 31, 32. 2-flagellate zoids. Fig. 33. germlings, a after 5 days, b 
after 7 days. Figs 34,35,36,37,38. 30 days old cultures, same material as Fig. 29, Fig. 34 
in 4 %o S medium. Fig. 35 in 9 %o S medium, Fig. 36 in 17 %o S medium, Fig. 37 in 
25 %o S medium, Fig. 38 in 34 'jbo S medium. Fig. 39. plant no. 491. Figs 40, 41, 42, 
43, 44, 45. 30 days old cultures, same material as Fig. 39, Fig. 40 in 1.5 %o S medium, 
Fig. 41 in 4 %o S medium, Fig. 42in9 9bo S medium, Fig. 43 in 177ooS medium, Fig. 44 
in 25 %o S medium, Fig. 45 in 34 %>o S medium. Fig. 46. basis of plant 491. 


Source: MNHN, Paris 
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Figs 47-51. — E. lima, 2-flagellate type, cells in surface view, same material as Fig. 39. 
Fig- 47. lower basal region, lower zone. Fig. 48. lower basal region upper zone. Fig. 49. 
upper basal region. Fig. 50. middle region. Fig. 51. apical region. 


Source: MNHN, Paris 
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192); 14 (IV, ’76, plants no. 385, 389, 390, 392); 16 (IV, ’76, plants no. 421a, 422a, 423a); 
19 (IV, ’76, plants no. 414, 415, 420a); 21 (VIII, ’76, plant no. 588, 589); 22 (IV, ’76, 
plants no. 323, 325, 326, 330); 22a (IV, ’76, plants no 317, 320, 321); 23 (IV, ’76, plants 
no. 297, 298, 299, 300, 301, 307, 311, 312, 314, 315, 316); 24 (IV, ’76, plants no. 295, 
296; VIII, ’76, plants no. 564, 565, 566, 567); 26 (IV, ’76, plants no. 357, 359); 26a (VIII, 
’76, plant no. 577); 27 (IV, ’76, plants no. 398,424; VIII, ’76, plant no. 593); 28 (IV, ’76, 
plants no. 366, 367, 368, 371); 29 (IV, ’76, plants no. 337, 345,428). 


Four of these localities were lower littoral and upper sublittoral zones on 
sea-dikes and harbour moles exposed to strong wave action, seven were more 
sheltered, and include oysterponds. Four stations were low littoral sandy mud¬ 
flats, where the species was often found abundantly growing attached to stones, 
wooden poles and shells in shallow tide pools and gullies. In high littoral stations 
the species was only found twice. Finally it was encountered in nine wave 
exposed localities in the poly haline man-made lakes in the S.W. Netherlands. 
It was never found growing in oligo-to mesohaline ditches and canals. 

2-flagellate and 4-flagellate clones of E. linza showed different responses to 
varying salinities in cultures. 2-flagellate clones in general gave good growth 
of germlings and young fronds in media with salinities ranging from 34-4 %o; 
4-flagellate clones, however, only in media with salinities ranging from 50- 
25 %o S. This accords well with the distribution of the two types of plants; 
the 2-flagellate type was mainly found in polyhaline environments, while the 4- 
flagellate type occurred in euhaline to polyhaline environments. 

- Morphological and anatomical characters in cultures 
(Figs 7-12,16-20, 34-38, 4045) 

The important morphological and anatomical characters were retained in 
cultures. However, cultured plants were much narrower. Most cells in the middle 
and apical region contained one large pyrenoid per cell, and the chloroplasts 
were situated more or less centrally against the outer cell wall. Cells in the 
broadest parts of the thalli were arranged in longitudinal and transverse rows, 
in narrower parts only in longitudinal rows. Plants cultured in low salinity 
media had larger cells than those in high salinity media (Tables 2-5). 


TABLE 2 (cells dimensions in /Hm) 


wild material of£. lima 577 medium in culture 


upper basal region 

(12-)15(-17) x (10-)11(-13) 

6 

(16-)20(-25) x (15-)17(-18) 

middle region 

(12-)14(-16) x ( 8-) 9 (-10) 

6 

(10-)12(-15) x ( 9-)10(-12) 

apical region 

(12 )15(17) x ( 9-)10(-12) 

6 

(13-)18(-22) x (10-)11(-12) 


Source. MNHN, Paris 




TABLE 3 (cell dimensions in /im) 


wild material of E. lima 546 

medium 

in culture 

upper basal region 

6 

(20-)22(-24) x (13-)14(-14) 

(12-)14(-15) x ( 8-) 9(-ll) 

3 

(17-)20(-23) x (13-)15(-17) 

middle region 

6 

(10-)15(-20) x ( 9-) 11 (-12) 

(13-)15(-18) x (10-)12(-13) 

4 

(17-)19(-20) x (13-)14(-16) 


3 

(22-)23(-27) x (15-)18(-22) 

apical region 

(13-)15(-17) x (10-)11(-13) 

3 

(13-)16(-20) x (12-)13(-13) 

TABLE 4 

(cell dimensions in /Lim) 

wild material of E. lima 345 

medium 

in culture 

upper basal region 

7 

(12-)14(-15) x ( 9-)ll(-13) 

(14-)17(-19) x (10-)12(-13) 

6 

(24-)28(-33) x (10-)13(-16) 


5 

(10-) 14(-17) x ( 9-)ll(-13) 


4 

(13-) 17(-21) x ( 9-)12(-14) 


3 

(16-)20(-25) x ( 7-)10(-13) 

middle region 

7 

( 9-)12(-14) x ( 6-) 8(- 9) 

(ll-)14(-16)x( 8-)10(-ll) 

6 

(ll-)15(-20) x ( 9-)l 1 (-14) 


5 

(11-)15(-19) x ( 8-)10(-13) 



(14-)16(-19) x ( 9-) 11 (-14) 


3 

(19-)22(-26) x (13-)17(-22) 

apical region 

7 

(10-)12(-14) x ( 7-) 9(11) 

(14-)16(-18) x (11-)12(-14) 

6 

(10-)16(-22) x (10-) 12(-l4) 


5 

(10-)12(-l 5) x ( 8-)10(-12) 


4 

(13-)17(-21) x (10-) 12(-l 3) 


3 

(18-)21(-25) x (14-)16(-19) 

TABLE 5 (cell dimensions in //m) 

wild material of E. lima 491 

medium 

in culture 

upper basal region 

7 

( 8-)10(-12) x ( 7-) 9(-ll) 

(14-)18(-21) x (- 9)10(-12) 

6 

(11 -) 14(-l 7) x ( 8 )10(13) 

5 

(H-)14(-18) x ( 9 )11(13) 



(15-)17(-19) x (11 -) 13(-16) 


3 

(16-)20(-23) x (11-)13(-1 5) 


2 

(16-)23(-31) x (11-)14(-18) 

middle region 

7 

(11-)13(-16) x ( 8-)10(-13) 

(10-)13(-15) x ( 7-) 9(-ll) 

6 

(12-)14(-17) x ( 8 )10(12) 

5 

(12-)15(-19) x ( 9-) 11 (-14) 


4 

(l4-)17(-20) x (10-) 11(-13) 


3 

(16-)21(-26) x (12-)14(-17) 


2 

(19-)24(-28) x (11-)15(-19) 

apical region 

7 

(15-)16(-18) x ( 9-)ll(-14) 

(14-)16(-18) x (10-)13(-15) 

6 

(12-)14(-16) x ( 9 )11(13) 

5 

(12-)15(-18) x (10-)12(-14) 


4 

(15-)17(-19) x (10-)12(-13) 


3 

(15 )20( 24) x (11)13(16) 


2 

(19-)25(-32) x (12-)15(-19) 


Source: MNHN, Paris 
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SECTION FLEXUOSAE NOV. SECT. 

Lectotype of the genus Enteromorpha Link, 1820 (nom. cons.) is E. intesti- 
nalis (L.) Link (SILVA, 1952, p. 294;PAPENFUSS, 1962, p. 314). Type species 
of the section Flexuosae is E. flexuosa (Wulfen ex Roth) J. G. Agardh (cf. 
BLIDING, 1963, p. 73). The section Flexuosae largely agrees with BLIDING’s 
(1963, p. 73) «Flexuosa Groups. However, E. ralfsii Harvey is here included in 
this section. BLIDING places E. ralfsii in the «Torta Groups. 

Cells in the basal region varying from about 15 x 9 to 30 x 20 pm. Cells in 
middle region varying from about 12x9 to 19x14 pm. Cells in apical and middle 
region showing mostly equal divisions, and being arranged in longitudinal and 
sometimes transverse rows. The parietal chloroplast containing the mostly 
1-5 pyrenoids usually situated centrally against the peripheral cell wall, or 
slightly tilted towards any anticlinal cell wall, with rather thin lobes descending 
along some anticlinal cell walls. Thallus filiform to linear, the broader thalli 
oblong in outline, mostly compressed, the two layers loosely adnate, leaving a 
hollow margin, or tubular; unbranched or with main branches (having the same 
form as the axis) and branchlets concentrated towards the basal region, or 
along the whole axis. 

Latin diagnosis : 

Cellulae regionis basalis magnitudine c. 15x9 usque ad 30 x 20 pm, cellulae 
regionis medianae magnitudine c. 12 x 9 usque ad 19 x 14 pm. Regionis apicalis 
et medianae cellulae divisionibus plerumque aequalibus in seriebus longitudi- 
nalibus et interdum transversalibus. Chloroplastus plerumque integumentum 
cellulare externum tegens 1-5 pyrenoidibus. Thallus filiformis - linearis - oblon- 
gus; plerumque complanatus cellularum duobus stratis laxe adnatis marginibus 
cavis, sive tubulosus; simplex vel, ramis forma axium et ramulis praecipue in axis 
regione basali seu extendentibus secus axes totas. 

Identification of species in the section Flexuosae 

Identification of the four species of Enteromorpha in the section Flexuosae 
is facilitated by Table 6 which permits the comparison of combinations of 
characters. 

- E. LINZIFORMIS Bliding 

E. flexuosa subsp. linziformis (Bliding) Bliding, 1963, p. 87. 

- Description (Figs 52-85) 

Morphology (Figs 52, 54, 56, 58, 60, 79) 

Thalli strapshaped, oblong or linear in outline, smooth, with entire margins, 
the two layers compressed and loosely adnate with hollow margins, lubricous, 
light to medium green, at least with a few microscopic branchlets near the base. 
Full grown plants from open populations often have a few branches concentra¬ 
ted in the basal part of the frond, with about the same length as but narrower 
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than the main axis. Apex of main axis obtuse, mostly open. Basis attenuate, 
stipe long, slender, with a small disciform holdfast. Length up to 80 cm and 
width up to 4 cm, but mostly not more than 30 cm long and 2 cm broad. 

Anatomy, lower basal region (Figs 79, 81,82) 

In surface view, the stipe shows elongate rhizoidal cells with rounded corners. 
In young plants they cannot be distinguished from normal vegetative cells. In 
older plants only in the lowest part of this region rhizoidal outgrowths of these 
cells are visable. Cells are in general well ordered in longitudinal rows, in young 
plants even in short transverse rows. Cell walls 2-8 /im thick, thickest in the 
upper part of this region. Chloroplast parietal against the peripheral cell wall, 
with thin smooth lobes descending along the anticlinal cell walls, seldom obscu¬ 
red by starch grains, containing 3-8 pyrenoids per cell. 

Anatomy, upper basal region (Fig. 83) 

Cells in the upper basal region irregularly polygonal with 3-5 rounded corners, 
showing mostly unequal divisions, mostly well ordered in long longitudinal 
rows, or partly in short curved rows. The longitudinal cell rows are characteristi¬ 
cally separated from each other by thicker cell walls. Cell walls 14 /Jm thick. 
Chloroplast parietal against the peripheral cell wall, with some thin lobes des¬ 
cending along the anticlinal cell walls. The chloroplast structure is seldom 
obscured by starch grains. Pyrenoids 2-5 per cell, 1 in some small just divided 
cells, 24 /im in diameter, round or elliptic. 

Anatomy, middle and apical region (Figs 84,85) 

Cells in the middle and apical region irregularly polygonal with 4-6 corners, 
showing equal to slightly unequal divisions, arranged in 4-8 celled rows with 
oblique or longitudinal orientation often separated from each other by slightly 
thicker cell walls. Cell walls in the middle region 0.5-2 /im, in the apical region 
up to 4 /im thick. The parietal chloroplast sometimes slightly tilted towards 
any anticlinal cell wall or predominantly towards the apically oriented one, 
with rather thin lobes descending along the anticlinal cell walls. The chloroplast 
structure is seldom obscured by starch grains. Pyrenoids 2-5 per cell, 1 in very 
small just divided cells, round or elliptic. 

Anatomy, tips of short filiform branchlets (Fig. 80) 

The monoseriate apex of young branches is 1-3(8) cells long and frequently 
ends in one tip cell which is slightly bigger than the other cells just below. 
Except the most basal cells the cells of filiform branchlets are smaller than 
normal thallus cells. 

Reproductive cells (Figs 53, 55, 57, 59, 61) 

In the collected material mainly plants occurred which produced 4-flagellate 
zoids; however, some plants produced 2-flagellate zoids; the offspring of some 
of these plants produced zoids of the same kind again. They were always positi¬ 
vely phototactic and able to germinate soon. 


TABLE 6 : Identification table of section Flexuosae 


E. linziformis 

E.pilifera 

E. flexuosa 

E. rdf,« 

Thalli strap-shaped, with 
only few mostly microscopic 
branchlets near the base, mar¬ 
gins entire (the two layers 
loosely adnate). 

Thalli strap-shaped to fili¬ 
form, in general densely bran¬ 
ched, tubular or compressed, 
the two layers not adnate, 
wrinkled in broad parts. 

Thalli strap-shaped to fili¬ 
form, in general densely bran¬ 
ched, compressed, in broad 
parts the two layers adnate 
with hollow margins, smooth 
(not wrinkled). 

Thalli filiform, unbran¬ 
ched. 

Central cavity at least 
25 pm in diameter, in small 
branches. 

Central cavity at least 
25 pm in diameter, in small 
branches. 

Central cavity at least 
25 pm in diameter, in small 
branches. 

Central cavity 8-12 pm 
in diameter. 

Monoseriate apex of fili¬ 
form branchlets 1-3(8) cells 
long, tip cell slightly bigger 
than the cells just below. 

Monoseriate apex of fili¬ 
form branchlets 4-20 cells 
long, tip cell 1-2 times as big 
as the other cells 

Monoseriate apex of fili¬ 
form branchlets 1-6 cells 
long, tip cell up to twice as 
big as the other cells. 

Multiseriate apex without 
dominant tip cell. 

Axis gradually narrowed 
into a long, slender stipe. 

Axis gradually narrowed 
into a very long, slender stipe. 

Axis gradually narrowed 
into a fragile stipe. 

In nature always without 

Cells in basal regions arran¬ 
ged in long undulating rows 
separated from each other by 
thicker cell walls, consisting 
of elongate dark coloured 
rhizoidal and lighter coloured 
vegetative cells. Cell walls 
2-8 pm thick, 1-4 pm in the 
upper part of the region. 

Cells in basal regions arran¬ 
ged in longitudinal and some¬ 
times transverse rows consis¬ 
ting of dark coloured elongate 
rhizoidal cells and lighter 
coloured vegetative cells, 
which may be united in pairs 
in the upper part of the 
region. Ceil walls 1-6 pm 
thick, thickest in the upper 
part of the region. 

Cells in basal regions arran¬ 
ged in longitudinal and some¬ 
times transverse rows consis¬ 
ting cf dark coloured elongate 
rhizoidal cells and in the 
upper part of the region of 
lighter coloured elongate ve¬ 
getative cells, often some cell 
rows are conspicuous by then- 
narrower and longer cells. 
Cell walls 1-5 pm thick. 

Cells in all regions with 
the same features, see below. 






Cells in middle and apical 
regions showing equal to 
nearly equal divisions, irre¬ 
gularly polygonal with 4-6 
corners, arranged in 4-8 celled 
rows with oblique or longi¬ 
tudinal orientation, often se¬ 
parated from each other by 
thicker cell walls. Cell walls 
0.54 fim thick, thickest in 
the apical region. 


Cells in middle region 
(13-) 15 (-18) x (9-) 11 
(-12) fim. 

Pyrenoids (l-)2-5 per cell, 
24 fim, round or elliptic. 

Reproduction only by 4- 
flagellate, exceptionnally 2- 
flagellate zoids (probably a- 
sexual zoospores). 


Cells in broad middle and 
apical regions showing equal 
to unequal divisions, irregu¬ 
larly polygonal with 4-6 often 
rounded corners, very va¬ 
riable in size, mostly arranged 
in 2-8 celled unordered groups 
and which are separated from 
each other by thick cell walls, 
up to 10 ftm thick. In narrow 
parts of these regions, cells 
are mostly well ordered in 
longitudinal rows. Cell walls 
0.5-2 fim thick. 

Cells in middle region 
(12-) 16 (-19) x (11-) 12 
(-14) fun. 

Pyrenoids 1-6 per cell, 2- 
4fim, round. 

Reproduction by either 
2-flagellate d and 9 gametes, 
or by 4-flagellate zoospores 
(alternation of gametophyte 
and sporophyte generations). 


Cells in middle and apical 
region showing equal divi¬ 
sions, rectangular, quadran¬ 
gular or irregularly polygonal 
often with rounded corners, 
arranged in longitudinal and 
short transverse rows. In the 
middle region some cell rows 
consist of narrower and lon¬ 
ger cells. Cell walls 0.5- 
2 fim thick, the longitudinal 
ones thickest. 


Cells in middle region 
(ll-)14(-16)x(8-)9(-ll)fun. 

Pyrenoids 1-5 per cell, 
2-5 fim, round. 

Reproduction by either 
2-flagellate d and 9 gametes, 
or by 4-flagellate zoospores 
(alternation of gametophyte 
and sporophyte generations). 


Cells showing equal divi¬ 
sions, mostly rectangular or 
quadrangular, arranged in 
long longitudinal rows. Cell 
walls 0.5-2 fun thick. Some¬ 
times 24 celled rows are 
separated from each other 
by a thicker transverse cell 


Cells (15-)18(-21) x (9-) 
11(42) f/m. 

Pyrenoids 2-6 per cell, 
24 fun, round or elliptic. 

Reproduction only by 4- 
flagellate zoids (probably a- 
sexual zoospores). 







Figs 52-80. - E. linziformis. Figs 52, 54, 56, 58, 60. plants with zoids. Figs 52, 54, 60. 
sporophytcs, plants no. 587, 589, 586 respectively. Fig. 56. male gametophytc, plant 
no. 598. Fig. 58. female gametophyte, plant no. 590. Figs 53, 55, 61. zoospores. Fig. 57. 
male gametes. Fig. 59. female gametes. Figs 62, 63. 30 days old cultures, same material 
as Fig. 56, Fig. 62 in 25 °foo S medium, Fig. 63 in 34 °foo S medium. Figs 64, 65, 66, 67, 
68. 30 days old cultures, same material as Fig. 52, Fig. 64 in 4 %o S medium, Fig. 65 
in 9 °ho S medium, Fig. 66 in 17 9bo S medium, Fig. 67 in 25 %o S medium, Fig. 68 
in 34 %o S medium. Fig. 69, 70, 71. germlings, same material as Fig. 58. Fig. 69 after 17 
days, Fig. 70 after 5 days, Fig. 71 after 12 days. Fig. 72, 73, 74, 75, 76, 77, 78. 30 days 
old cultures, same material as Fig. 58, Fig. 72 in 0.5 %o S medium, Fig. 73 in 1.5 %o S 
medium, Fig. 74 in 4 %o S medium, Fig. 75 in 9 %o S medium. Fig. 76 in 17 %o S 
medium, Fig. 77 in 25 %o S medium, Fig. 78 in 34 %o S medium. Fig. 79. basis of 
plant 560. Fig. 80. tip of branchlet, same material as Fig. 56. 


Source: MNHN, Paris 



Fig. 81-85. — E. linziformis, cells in surface view, same material as Fig. 54. Fig. 81. lower 
basal region, lower zone. Fig. 82. lower basal region, upper zone. Fig. 83. upper basal 
region. Fig. 84. middle region. Fig. 85. apical region. 


Source: MNHN, Paris 
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Measurements, based on 16 plants (in jim) 


axis, cells in surface view : 

lower basal region, lower zone 
lower basal region, upper zone 
upper basal region 
middle region 
apical region 

branches, cells in surface view : 
basal region 
middle region 
apical region 
2-flagellate zoids 
4-flagellate zoids 


(20-)25(-29) x (12-)14(-16) 
(16-)20(-25) x ( 9-)12(-14) 
(13-)17(-20) x ( 9-)ll(-13) 
(13-)15(-18) x ( 9-)ll(-12) 
(12-)15(-18) x ( 9-)ll(-13) 

(25-)29(-34) x ( 9-) 11 (-12) 
(13-)16(-19) x (10-)11(-13) 
(12-)15(-17) x ( 9-)10(-12) 
(5.5-)6(-7) x (3.5-)4(-4.5) 
(6-)7.5(-8.5) x (5-) 6(-7) 


Morphology of germlings and young fronds (Figs 69-71) 

Zoids germinate by forming a short rhizoid, and immediately after that a 
strongly growing upright uniseriate filament. The first formed rhizoidal cell 
divides into new cells which form more rhizoids. At a later stage these filaments 
grow into hollow cylinders which become compressed when grown large enough. 


- Ecology and distribution 

E. linziformis has been collected from 5 stations (see Table 7 and Fig. 1). 


TABLE 7. — Specimens investigated 

(for locality numbers see Table 1 in KOEMAN & van den HOEK, 1982a) 

5 (V, '76, plants no. 472, 483); 6b (VI, ’75, plants no. 165, 166, 167; VI, ’76, plant no. 
533); 7 (V, ’76, plants no. 436, 442); 21 (VIII, ’76, plants no. 584, 585, 586, 587, 589, 
590); 23 (IV, '76, plants no. 308,309). 

Two of these localities were low littoral sandy mudflats where the species 
was growing submerged in gullies and tidal ponds. Two other localities were 
polyhaline manmade lakes in the S.W. Netherlands. One station was on a low 
littoral sheltered seadike. It was never found growing in wave exposed or high 
littoral places or in oligohaline environments. This accords with our cultures, 
which gave good growth in media with salinities ranging from 34-9 %o S. Some 
growth even occurred at 4-1.5 96o S. 

- Morphological and anatomical characters in cultures 
(Figs 62-68, 72-78) 

The important morphological and anatomical characters were retained in 
cultures; however the plants remained narrower, and branching was sometimes 
denser than in natural plants. The branches were always concentrated, as in the 
wild material, on the basal part of the stem. Most cells contained 2-3 pyrenoids 
per cell, the highest average number occurred at the lowest salinities tested. 
The parietal chloroplast covered the outer cell wall, or was slightly tilted to¬ 
wards the apically oriented anticlinal cell wall. In contrast to wild material, 
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the chloroplast structure was often obscured by numerous starch grains. At 
the higher salinities tested, cells tended to be smaller than in the wild material. 
In general the cells were well ordered in longitudinal rows and less so in trans¬ 
verse rows; in some parts of the largest plants short rows showed a diverse 
orientation (Table 8). 


TABLE 8 (cell dimensions in /Jm) 


wild material of E. tinziformis 590 medium in culture 


upper basal region 

(19-)24(-30 x ( 9-)12(-15) 


middle region 

(13-)16(-19) x (10-)12(-14) 


apical region 

(18-)20(-22) x (11 -) 13(-15) 


7 (18-)24(-30) x (15-)18(-22) 

6 (14-)18(-21) x (11-)15(-19) 

5 (14-)17(-19) x (11-)12(-14) 

4 (17-)19(-22) x (14-)15(-16) 

3 (19-)21(-24) x (17-)19(-20) 

2 (21-)26(-32) x (18-)22(-26) 

7 (14-)17(-21) x ( 9-)12(-14) 

6 (14-)17(-20) x (10-)13(-17) 

5 (12-)17(-21) x (11-)13(-15) 

4 (15-) 17(-19) x (11-)13(-16) 

3 (20-)25(-29) x (16-)20(-23) 

2 (16-)20(-24) x (11-)14(-17) 

5 (17-)19(-22) x (11-)15(-19) 

4 (19-)22(-25) x (16-) 19(-22) 

3 (20-)23(-25) x (14-)17(-19) 

2 (15-)19(-23) x (12-)14(-17) 


- E. PIL1FERA Kuetzing 

E.flexuosa subsp. pilifera (Kuetz.) Bliding, 1963, p. 91. 

- Description (Figs 86-105) 

Morphology (Figs 86-88, 90,92) 

Thalli strap-shaped to filiform; tubular, or the two layers compressed but 
not adnate, wrinkled in broad parts, mostly very lubricous, light or yellowish 
green. Young plants sparsely branched, filiform mature plants densely branched 
along the whole main axis, with branches of the first and second order, or 
of the first order only. Axis gradually narrowed towards the base into a very 
long fragile stipe, with a small disciform holdfast, from which seldom new thalli 
arise. Main branches with extremely long filiform basal parts. Apices of axis 
and main branches of full grown plants obtuse, mostly open or damaged. Axis 
and main branches up to 2 m long and 3 cm broad, but often floating in dense 
masses of fragmented individuals. 

Anatomy, lower basal region (Figs 87, 100, 101) 

In surface view, the stipe shows dark coloured elongate rhizoidal cells which 
gradually merge into a zone of equally sized lighter coloured vegetative cells. 
In this part cells form longitudinal rows and sometimes even transverse rows, 
particularly in young individuals. Cell walls 1-6 H m thick. The parietal chloro- 





Figs 86-99. — E. pllifera. Fig. 86. plant no. 75a. Fig. 87. basis of a 25 cm long plant. 
Figs 88, 90, 92. fragments of fertile plants, with zoids. Figs 89, 91, 93. male gametes, 
female gametes and zoospores respectively. Fig. 94. tips of branchlets. Fig. 95. germ- 
lings, a after 5 days, b after 10 days. Fig. 96, 97, 98, 99. 30 days old cultures, same 
material as Fig. 90, Fig. 96 in 0.5 %o S medium, Fig. 97 in 1.5 %o S medium, Fig. 98 
in 9 %o S medium, Fig. 99 in 34 %o S medium. 


Source: MNHN, Paris 
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Figs 100-105. - E. ptlifera, cells in surface view, same material as Fig. 86. Fig. 100. lower 
basal region, lower zone. Fig. 101. lower basal region, upper zone. Fig. 102. upper 
basal region. Fig. 103. middle region. Fig. 104. apical region. Fig. 105. apical region 
of main branch. 


Source: MNHN. Paris 
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plast covering the outer cell wall, sometimes tilted towards the apically oriented 
anticlinal cell wall. Pyrenoids 4-6 per cell, 2 in small cells. Descending arms 
thick, thin in young individuals. The chloroplast structure, however, is often 
obscured by numerous starch grains. The darker part just above the rhizoidal 
zone shows smaller sized cells, which may have thick cell walls and are arranged 
with less order in older plants. 

Anatomy, upper basal region (Fig. 102) 

Cells in the upper basal region irregularly polygonal or rectangular with 
4-6 rounded comers, showing equal divisions, arranged in mostly distinct longi¬ 
tudinal rows, or in pairs, which are arranged in distinct longitudinal rows, 
sometimes even in short transverse rows. Cell walls 3-6 (X m thick, in young 
individuals 1-4 fxm. The chloroplast is mostly situated against the outer cell 
wall, consisting of a thin central part with relatively thick arms containing 
the pyrenoids, descending along the anticlinal cell walls. Sometimes the chloro- 
plasts are tilted in cell pairs away from each other, or predominantly towards 
the apically oriented cell wall. The chloroplast structure is sometimes obscured 
by numerous starch grains. Pyrenoids 2-6 per cell, 2-4 (Jm in diameter. 

Anatomy, middle and apical region (Figs 103-105) 

Cells in the middle and apical region very variable in size, arrangement and 
form. In general, broad parts of these regions consist of small cells which are 
irregularly polygonal with 4-6 comers, or rounded, showing equal to unequal 
divisions. The cells are mostly arranged in 2-8 celled unorderly groups, which 
can be recognized by their common thick cell wall. Cell walls in such parts 
up to 10 pm thick. Narrower plant parts, particularly those of the long and 
slender main branches show cells which are irregularly polygonal to rectangular 
or quadrangular showing equal to slightly unequal divisions perpendicular to 
the frond’s axis. Cells are here arranged in long longitudinal often undulating 
rows, in broader parts these rows become more and more disturbed by groups 
of cells which show less order. Cell walls in this region 0.5-2 pm thick. In the 
smaller celled parts of the fronds the parietal chloroplasts cover the outer cell 
wall, or are slightly tilted towards any anticlinal cell wall. Often the chloroplast 
structure is obscured by large starch grains. Pyrenoids 1-3 per cell, round. In the 
narrower parts with larger cells, the parietal chloroplasts cover the outer cell 
wall, or are slightly tilted towards the apically oriented anticlinal cell wall, 
with rather thin arms descending along the anticlinal cell walls; they often 
have a distinct uniform density. In this part the chloroplast structure is seldom 
obscured by starch grains. Pyrenoids 2-6 per cell, round. 

Anatomy, tips of short filiform branchlets (Fig. 94) 

In surface view, the monoseriate apex of young branchlets is 4-20 cells long. 
The tip-cell is 1-2 times as big as the cells just below, which in their turn are 
somewhat smaller than normal thallus cells of branching regions. Very young 
branchlets of 2-4 cells are clearly visible because of their dark chloroplasts and 
big cells. 


Source: MNHN, Paris 
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Reproductive cells (Figs 89,91,93) 

In nature plants are dioecious gametopkytes, producing 2-flagellate gametes, 
the male ones slightly smaller and with smaller chloroplasts than the female 
ones; or sporophytes which produce big 4-flagellate zoospores. They were all 
positively phototactic and germinated very soon. 


Measurements based on 8 plants (in gm) 


axis, cells in surface view : 

lower basal region, lower zone 
lower basal region, upper zone 
upper basal region 
middle region 
apical region 

branches, cell in surface view : 
basal region 
middle region 
apical region 
male gametes 
female gametes 
zoospores 


(18-)24(-30) x (14-)17(-20) 
(18-)22(-25) x (13-)15(-17) 
(15-)19(-22) x (12-)14(-16) 
(12-)16(-19) x (11-)12(-14) 

( 9-)14(-19) x ( 7-)ll(-15) 

(19-)23(-25) x (13-)15(-17) 
(13-)17(-20) x (11-)12(-14) 
(14-)17(-20) x (12-)13(-15) 

( 5-) 6(- 7)x(3.5-)4(-4.5) 
(6-)6.5(-7.5) x (3.5-)4.5(-5.5) 
(7.5-)9(-10.5) x (4.5-)5.5(-6) 


Morphology of germlings and young fronds (Fig. 95) 

Zoospores and fused as well as unfused gametes germinate by forming a 
rhizoid, this rhizoid at first grows very strongly, and may branch before an 
upright growing filament is formed. The growth of this filament is also very 
strong, while the rhizoidal system shows intense branching. From some spherical 
rhizoidal cells often more filaments are formed. In a later stage the filaments 
grow into hollow cylinders. The first formed frond, the main axis, may form 
branches along its whole length, or predominantly on the basal part. 


- Ecology and distribution 

E. pilifera has been collected from 3 stations (see Table 9 and Fig. 1). 


TABLE 9. — Specimens investigated 
(for locality numbers see Table 1 in KOEMAN & van den HOEK 1982a) 

lb (VII, '75, plants no. 57, 58); 10a (VI, ’75, plants no. 75a, 75b; VII, ’75, plant no. 188); 
26b (VI, ’75, plants no. 73b, 74b, 74c). 


Two of these localities were meso- to oligohaline stagnant waters. One station 
was a low littoral tidal pool on a sandy mudflat. It was never found growing 
in exposed places. This distribution suggests the species to be euryhaline. This 
agreed with our cultures, which gave some growth at all salinities tested. How¬ 
ever, the species was difficult to maintain in culture. 



Fig. 106-112. — E. flexuosa. Fig. 106. plant no. 552. Fig. 107. germlings, a after 10 days, 
b after 5 days. Fig. 108. tip of branchlet. Fig. 109. germling, after 15 days. Fig. 110. 
monoseriate branchlet. Fig. Ill, 112. bases of plants no. 552 and 470 respectively. 


Source: MNHN, Paris 













Fig. 113-125. — £. flexuosa. Fig. 113, 115, 117. plants with zoids, plants no. 418, 534 
and 162, respectively. Fig. 114. zoospores. Fig. 116. male gametes. Fig. 118. female 
gametes. Fig. 119, 120, 121, 122, 123, 124, 125. 30 days old cultures, same material 
as Fig. 113, Fig. 119 in 0.5 %o S medium, Fig. 120 in 1.5 %o S medium, Fig. 121 in 
4 %o S medium, Fig. 122 in 9 %o medium, Fig. 123 in 17 Too S medium, Fig. 124 in 
25 %o S medium, Fig. 125 in 34 %o S medium. 


Source: MNHN, Paris 
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- Morphological and anatomical characters in cultures 
(Figs 96-99) 

Cultured plants never reached the size of plants from nature as, for unknown 
reasons, they did not grow well when a few cm high. Cultured plants were 
sparsely branched and very narrow, with typical branch-tips. Only at the lowest 
salinities tested did the cells contain 2-6 pyrenoids. At the higher salinities 
tested most cells contained 1-2 pyrenoids. The parietal chloroplasts were often 
tilted towards the laterally oriented anticlinal cell walls, especially at the higher 
salinities, Cells were on the whole not well ordered, unlike the material from 
nature. Plants cultured in low salinity media had bigger cells than those in high 
salinity media (Table 10). 

TABLE 10 (cell dimensions in jUmJ 


wild material of E.pilifera 57 medium in culture 


upper basal region 

(16-)18(-21) x (12-)14(-16) 

1 

(18-)22(-26) x (12-)16(-21) 

middle region 

7 

(14-)17(-20) x (10-)12(-14) 

(16-)18(-21) x (11-)12(-14) 

2 

1 

(18-)20(-23) x (12-)15(-18) 

(12-) 15(-l7) x ( 9-)ll(-13) 
(10-)13(-15) x ( 7-)10(-12) 

apical region 

(13-)14(-16) x (9-) 11 (-12) 

1 

(14-)15(-16) x (10-) 13(-l 5) 


- E. FLEXUOSA (Wulfen ex Roth) J. G. Agardh 

- Description (Figs 106-130) 

Morphology (Figs 106, 111-113,1 IS, 117) 

Thalli strapshaped to filiform, the two layers compressed, in broad parts 
the two layers adnate with hollow margins, otherwise hollow, smooth, with 
mostly lubricous texture, yellowish green to light green, branched, full grown 
plants seldom unbranched. Branched plants with branches of the first order 
along the whole main axis, or mainly concentrated in the basal region of the 
thallus. Densely branched plants often with second order branches along the 
main branches. Axis gradually narrowed towards the base into a fragile stipe, 
with a small disciform holdfast, from which new thalli may arise, Apices of 
axes, even the strapshaped ones, and main branches filiform to acute, if not 
damaged. Axis and main branches up to 60 cm high and 1 cm broad, but mostly 
not more than 40 cm long and 0.5 cm broad. 

Anatomy, lower basal region (Figs 111,112, 126, 127) 

In surface view, the stipe shows dark coloured rounded, often elongate 
rhizoidal cells, whose rhizoids may grow through the central cavity as well as 
along the outer side of the stipe. Vegetative cells are absent or rare; they show 
nearly the same morphology as rhizoidal cells. In this part cells form longitu¬ 
dinal and often transverse rows. Cell walls 1-4 (im thick. The central thicker 
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part of the chloroplast containing the pyrenoids mostly slightly tilted towards 
the apically oriented anticlinal cell wall, or situated centrally against the peri¬ 
pheral cell wall, often as a transverse band. Descending arms relatively thin, 
descending along the anticlinal cell walls. The chloroplast structure, however, 
is often obscured by numerous small or large starch grains. In surface view, 
the darker part just above the stipe shows many dark coloured vegetative as well 
as rhizoidal cells, which may be somewhat smaller than those of the zone below, 
but otherwise show the same features. 2-3 pyrenoids per cell, 1 in up to 50 % 
of the cells, 3-5 Mm in diameter, round. 

Anatomy, upper basal region (Fig. 128) 

Cells in the upper basal region rounded or rectangular with rounded comers, 
showing nearly equal divisions, arranged in longitudinal rows, sometimes also 
in transverse rows. Often some longitudinal cell rows are conspicuous by then- 
narrower and longer cells. Cell walls 1-5 Mm thick. The central thicker part of 
the chloroplast containing the pyrenoids is situated centrally against the peri¬ 
pheral cell wall or is slightly tilted towards the apically oriented anticlinal cell 
wall; sometimes it forms a transverse band against the peripheral cell wall, with 
rather thin lobes descending mainly along the lateral anticlinal cell walls. Some 
small or large starch grains may occur. 2-5 pyrenoids per cell, 1 in up to 50 % of 
the cells, the lower numbers more frequent than the higher ones, 2-4 M m > n 
diameter, round. 

Anatomy, middle and apical region (Figs 129, 130) 

Cells in the middle and apical region rectangular, quadrangular or irregularly 
polygonal with or without rounded corners, showing equal divisions, arranged 
in longitudinal and short transverse rows, especially in broader parts of the 
thallus. In the middle region sometimes a number of longitudinal cell rows is 
characterized by their narrower and longer cells. Cell walls 0.5-2 (Jm thick, 
transverse ones on average thinner than the longitudinal ones. The central 
thicker part of the parietal chloroplast containing the pyrenoid(s) situated 
often as a transverse band centrally against the peripheral cell wall, or slightly 
tilted towards the apically oriented anticlinal cell wall. Lobes of the chloroplast 
descend along the anticlinal cell walls, sometimes with a preference for the 
lateral ones. The chloroplast structure is seldom obscured by numerous large 
starch grains. 2-5 pyrenoids per cell, 1 in up to 50 % of the cells, often only 
1-2 pyrenoids, 2-3 M m in diameter, round. 

Anatomy, tips of short filiform branchlets (Fig. 108, 110) 

In surface view, the monoseriate apex of young branchlets is 1-6 cells long. 
The apical cell, often also the subapical cell, are up to twice as big as the other 
cells. The other cells are on the whole somewhat smaller than normal thallus 
cells. Very young branchlets of about 6-10 cells are completely uniseriate. 

Reproductive cells (Fig. 114, 116, 118) 

In nature most plants are dioecious gametophytes, producing 2-flagellate 
gametes, the male ones slightly smaller and with smaller chloroplasts than 
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Fig. 126-130. E. flexuosa, cells in surface view, same material as fig. 106. Fig. 126. lower 
basal region, lower zone. Fig. 127. lower basal region, upper zone. Fig. 128, upper 
basal region. Fig. 129. middle region. Fig. 130. apical region. 


Source. MNHN, Paris 
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the female ones. They are positively phototactic and are able to germinate 
without fertilization. Sporophytes produce big 4-flagellate zoospores, which 
are also positively phototactic. 


Measurements based on 22 plants (in gm) 


— axis, cells in surface view : 

lower basal region, lower zone 
lower basal region, upper zone 
upper basal region 
middle region 
apical region 

— branches, cells in surface view : 

basal region 
middle region 
apical region 

— male gametes 

— female gametes 

— zoospores 


(18-)23(-28) x (11-)13(-15) 
(15-)19(-22) x ( 9-)ll(-13) 
(15-)18(-21) x ( 9-)ll(-13) 
(11-)14(-16) x ( 8-) 9(-ll) 
(12-)14(-16) x ( 8-)10(-ll) 

(13-)17(-20) x (10-)11(-13) 
(12-)15(-18) x ( 9-)ll(-12) 
(10-)12(-14) x ( 8-)10(-ll) 

( 5-) 6(-6.5) x (2.5)3(-3.5) 

( 6-)6.5(- 7) x ( 3-)3.5(-4) 
(9-)10(-10.5) x (4.5-)5.5(-6.5) 


Morphology of germlings and young fronds (Fig. 107,109) 

Zoospores and fused as well as unfused gametes germinate by forming a rhi- 
zoid. This rhizoid grows very strongly, and may branch before an upright grow¬ 
ing filament is formed. The growth of this filament is also very strong, while 
the rhizoidal system shows intense branching. From some spherical rhizoidal 
cells often more filaments are formed. At a later stage the filaments grow into 
hollow cylinders. The first formed frond, the main axis, may form some bran¬ 
ches along its whole length, or predominantly on the basal part. 


- Ecology and distribution 

E. flexuosa has been collected from 13 stations (see Table 11 and Fig. 1). 


TABLE 11. - Specimens investigated 
(for locality numbers see Table 1 in KOEMAN & van den HOEK, 1982a) 

lb (VII, ’75, plant no. 56); 2a (VI, ’75, plant no. 209); 4a (VI, ’76, plants no. 552, 553, 
554, 559); 5 (III, ’76, plants no. 470, 471); 6b (VI, '75, plant no. 162; VI, ’76, plant no. 
534); 7 (V, ’76, plant no. 445); 19 (IV, ’76, plants no. 416, 417, 418, 419); 19a (VI, ’75, 
plant no. 208); 22a (IV, ’76, plants no. 318, 319); 25 (VIII, ’76, plant no. 579); 26 (IV, 
’76, plants no. 360, 361); 27 (IV, ’76, plant no. 427; VIII, '76, plant no. 594); 29 (IV, ’76, 
plants no. 340, 346). 

Five of these localities were low littoral sandy mudflats, where the species 
was growing in tidal pools. Three other localities were polyhaline man-made 
waters in the S.W. Netherlands. Two localities were sheltered seadikes (low 
littoral). Two localities were wave exposed seadikes (low littoral). Two localities 
were among salt marsh phanerogams on high littoral sandy mudflats, where 
the plants were possibly washed in from low littoral places. In one case the 
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species was found growing in an oligohaline pond (Ameland, locality no. ’4a). 
This distribution suggests E. flexuosa to be euryhaline. This was confirmed 
by our culture results, which gave good to very good growth at all salinities 
tested. 

- Morphological and anatomical characters in cultures 
(Figs 119, 125) 

The important morphological and anatomical characters were retained in 
cultures. The mode of branching however, was subject to wide variation. Under 
conditions of low salinity, fronds were broadest and sparsely branched, while 
in high salinity media plants were narrow, often hollow throughout the whole 
thallus, and densely branched. In both cases, as in wild material, some main 
branches were developed higher up along the axis. Cells of thalli grown under 
low salinity conditions contained 2-5 pyrenoids per cell, while those grown 
in higher salinities contained 1-2 pyrenoids per cell. The parietal chloroplast 
completely covered the outer cell wall, or formed a transverse band situated 
against the centre of the outer cell wall. At higher salinities, cells tended to be 
slightly smaller than in the wild material, and were generally well ordened in 
longitudinal and transverse rows (Table 12). 


TABLE 12 (cell dimensions in (lm) 


wild material of E. flexuosa 418 medium in culture 


upper basal region 

6 

(15-}23(-31) x ( 8-)10(-12) 

(13-)18{-23) x ( 9 )11(13) 

5 

(17-)25(-34) x ( 8-) 9( 10) 


4 

(13-)20(-28) x ( 8-)10(-12) 


3 

(17-)23(-30) x ( 9-)11 (-13) 


2 

(15-)21(-27) x (12-)14(-16) 



(17-)20(-24) x (12-)16(-20) 

middle region 

6 

(H-)13(-15) x ( 7-) 9(-10) 

(12-)15(-17) x ( 9-)10(-ll) 

5 

(11-)14(-17) x ( 7-) 9(-10) 


4 

(14-) 17(-20) x (10-)12(-14) 


3 

(14-)17(-21) x (13-)14(-15) 


2 

(16-)20(-23) x (11-)14(-17) 


1 

(15-)18(-20) x ( 9-)12(-14) 

apical region 

6 

(10-)13(-16) x ( 8-) 9(-10) 

(14-)16(-17) x ( 9-)ll(-14) 

5 

(12-)l5(-l8) x ( 8-)10(-13) 


4 

(15-)18(-22) x (11-)13(-15) 


3 

(15-)17(-20) x ( 9-)ll(-12) 


- E. RALFSII Harvey 

- Description (Figs 131-140) 

Morphology (Fig. 134) 

Thalli filiform, curled, unbranched, narrow, with uniform diameter, light or yel¬ 
lowish green, forming indefinite strata or masses. Stipe absent in wild material, ab¬ 
solute length indefinable because of the twisted growth, but filaments of about 
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Figs 131-140. - E. ralfsii. Fig. 131. germlings, about 7 days old. Figs 132, 133. cells in sur¬ 
face view. Fig. 134. plant no. 270. Fig. 135. zoids from plant no. 270. Figs 136, 137, 
138, 139, 140. 30 days old cultures, same material as Figs 134, Fig. 136 in 4 %o S 
medium, Fig. 137 in 9 %o S medium, Fig. 138 in 17 %o S medium, Fig. 139 in 25 %o S 
medium, Fig. 140 in 34 %o S'medium. 

50 cm length can be isolated. Width of the thalli depending on the number of 
cell rows (4-8), varying from 35 to 60 /2m. Central cavity 8-12 /2m in diameter. 

Anatomy (Figs 132,133) 

In wild material no distinction could be made between basal, middle and 
apical regions. In parts of the thalli with low division activity, the cells are 
rectangular in longitudinal direction, in parts with higher division activity cells 
are more quadrangular, showing equal divisions. In all parts cells form longitu¬ 
dinal cell rows. Threads with a higher number of cell rows do not distinctly 
show transverse cell rows. Sometimes short 24 celled longitudinal cell rows 
are separated from each other by a thicker transverse cell wall. Cell walls 0.5- 
2 /2m thick. The parietal chloroplast, containing the pyrenoids, completely 
covering the outer ceU wall, or more or less contracted to a transverse band 
against the middle of the outer cell wall, with thin arms descending along the 
lateral anticlinal cell walls. The chloroplast structure is seldom obscured by 
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starch grains. Pyrenoids 2-6 per cell, 2-4 jum in diameter, elliptic or round. 

Reproductive cells (Fig. 135) 

In the collected material only plants occurred which produced 4-flagellate 
zoids, or zoospores; the offspring of some of these plants produced 4-flagellate 
zoids again. They were always positively phototactic and able to germinate 
very soon. 

Measurements, based on 5 plants (in j/m) 

- cells in surface view (15-)18(-21) x ( 9-)ll(-12) 

- zoospores (7.5)8.5(-9) x (4-)4.5(- 5) 

Morphology of germlings and young filaments (Fig 131) 

Zoospores germinate by forming a rhizoid, and immediately after that a 
strongly growing upright uniseriate filament. At a later stage these filaments 
grow into typical narrow cylinders, a central cavity is present when three cell 
rows are formed. The primary rhizoid branches at a later stage. The strongly 
growing filament never branches. 

- Ecology and distribution 

E. ralfsii has been collected from 2 stations (see Table 13 and Fig. 1). 

TABLE 13. — Specimens investigated 
(for locality numbers see Table 1 in KOEMAN & van den HOEK, 1982a) 

6a (III, ’76, plant no. 270); 7a (III, ’76, plants no. 227b, 228b; V, ’76, plant no. 459). 

One locality was low littoral and sheltered, where the species was collected 
from a wooden pole; another locality was high littoral on sandy mudflats, where 
the species was growing in mats of E. torta entangled with phanerogams. Both 
localities are euhaline, and this seems to accord with our culture results, indi¬ 
cating reasonable growth at salinities ranging from 34-4 %o S. Other species 
with a euhaline distribution show the same salinity range in culture. 

- Morphological and anatomical characters in cultures 

(Figs 136-140) 

The important morphological and anatomical characters were retained in 
cultures. At salinities ranging from 17-34 9bo S, the plants showed the same 
morphology as the original material. At 4-9 %o S, the filiform plants were very 
short and strongly twisted, which was caused by the abnormal expansion of 
some vegetative cells. Only at the lowest salinities tested, cells contained 3-6 
pyrenoids. At the higher salinities tested, most cells contained 1-3 pyrenoids. 
The parietal chloroplasts were often contracted as a transverse band against 
the outer cell wall. Plants cultured in low salinity media had less uniform cell 
dimensions, and cells were on average larger than those grown in high salinity 
media (Table 14). 
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TABLE 14 (cell dimensions in pm) 


wild material of E. ralfsii 270 medium in culture 


(20-)23(-27) x (15-)17(-18) 


(il-)12(-14) x ( 6-) 8(-10) 
(13-)14(-16) x ( 7-) 9(-12) 
(16-)18(-20) x ( 8-)ll(-13) 
(19-)21 (-22) x (11-)15(-18) 
(17-) 19(-22) x (11-)14(-17) 


SECTION CLATHRATAE NOV. SECT. 

Type species of the section Clathratae is E. clathrata (Roth) Greville, (cf. 
BLID1NG, 1963, p. 107). The section Clathratae agrees with BLIDING’s (1963, 
p. 106) vClathrata Groups. Only one species of this section was found along 
the Netherlands coast in the present study. However, STEGENGA & MOL 
(1983, p. 46) mention a second species of this section for the Netherlands 
coast, namely E. ramulosa (Sm.) Hook (without specifying the exact localities). 

Cells in basal regions varying from about 23 x 18 to 42 x 27 pm. Cells in 
middle region varying from about 19 x 12 to 25 x 19 pm. Cells in apical and 
middle region showing mainly equal divisions, and being arranged in longitudinal 
rows, sometimes disturbed by unordered cell groups in broad parts of the thalli. 
The thin parietal chloroplast containing the 2-9 pyrenoids mostly covering 
only a part of the peripheral cell wall, with rather thin lobes tilted towards 
their common cell wall. Thallus filiform to linear, the broader thalli oblong 
in outline, compressed, or tubular. Plants seldom unbranched or, more usually, 
with main branches (having the form of the axis) and branchlets concentrated 
towards the basal region or along the whole axis. 

Latin diagnosis 

Cellulae regionis basalis magnitudine c. 23 x 18 usque ad 42 x 27 /dm, cellulae 
regionis medianae magnitudine c. 19x12 usque ad 25 x 19 pm ■ Regionis apicalis 
et medianae cellulae divisionibus plerumque aequalibus in seriebus longitudina- 
libus (interdum in gregibus parvis irregularibus ). Chloroplastus tenuis plerumque 
integumentum cellulare externum partim tegens 2-9 pyrenoidibus. Thallus fili- 
formis - linearis - oblongus, complanatus sive tubulosus, rarissime simplex, 
plerumque ramis forma axium et ramulis praecipue in axis regione basali seu 
extendentibus secus axes totas. 

- E. CLATHRATA (Roth) Greville 

- Description (Figs 141-154) 

Morphology (Figs 141, 144, 146) 

Thalli strapshaped to filiform, the two layers compressed, in broad parts 
loosely adnate with hollow margins, or completely hollow, seldom inflated. 
Fronds smooth, with mostly lubricous texture, yellowish green to light green, 





Fig. Ul-iSO. - E. clathrata. Fig. 141. plant no. 592. Fig. 142, male gametes. Fig. 145. 
female gametes. Fig. 143. zoospores. Fig. 144. sporophyte, plant no. 581, with zoo¬ 
spores (Fig. 143). Fig. 146. basis, same material as Fig. 141. Fig. 147. germlings, a 
after 15 days, b after 5 days. Fig. 148, 149. 30 days old cultures, same material as 
Fig. 141, Fig. 148 in 17 %o S medium, Fig. 149 in 25 %o S medium. Fig. 150 tips of 
branchlets, showing a short celled (a) and a long celled (b) monoseriate aoex same 
material as Fig. 141. apex, same 


Source: MNHN, Paris 
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Fig. 151-154. — E. clathrata, cells in surface view, same material as Fig. 141. Fig. 151. 
lower basal region, lower zone. Fig. 152. lower basal region, upper zone. Fig. 153. upper 
basal region. Fig. 154. middle to apical region. 


Source: MNHN, Paris 
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branched. Plants with branches mainly concentrated in the basal region of the 
thallus, or with branches along the whole main axis. Densely branched plants 
often with second order branches in the basal region of the main first order 
branches. Axis gradually narrowed towards the base into a fragile stipe, with 
a small disciform holdfast, from which new thalli may arise. Apices of axis 
and main branches obtuse. Axis and main branches up to 45 cm high and 1 cm 
broad, but mostly not more than 20 cm long and 3 mm broad. 

Anatomy, lower basal region (Figs 146,151,152) 

In surface view, the pale coloured stipe shows very large rhizoidal and vege¬ 
tative cells, which have the same morphology. Because of their large size only 
a few longitudinal cell rows occur in this zone. Cells are more or less irregularly 
polygonal with 5-6 rounded corners, mostly elongate when not dividing. Rhi- 
zoids usually grow through the central cavity, but may also grow along the outer 
side of the stipe. Cell walls 14 fira thick. The whole chloroplast mostly covering 
only a part of the outer cell wall, or totally tilted towards any anticlinal cell 
wall. Arms relatively thin, descending along some of the anticlinal cell walls. 
The chloroplasts are often filled with numerous large and small starch grains, 
and contain 5-9 elliptic pyrenoids, 34 flm in diameter. 

Anatomy, upper basal region (Fig. 153) 

Cells in the upper basal region rounded or irregularly polygonal, sometimes 
predominantly rectangular with rounded corners, showing equal divisions, 
arranged in pairs or larger groups of cells which form undulating longitudinal 
rows. Often these rows are separated from each other by thicker cell walls. 
Cell walls 14 /im thick. The whole chloroplast mostly covering not more than 
a part of the outer cell wall. In just divided pairs of cells, the chloroplasts are 
often tilted away from their common cell wall. The few arms thin, descending 
along some of the anticlinal cell walls. The chloroplasts are often filled with 
numerous large and small starch grains, and contain 3-7 elliptic pyrenoids, 
1-3 /Jm in diameter. 

Anatomy, middle and apical region (Fig. 154) 

Cells in the middle and apical region rectangular, quadrangular or irregularly 
polygonal with or without rounded corners, showing mainly equal divisions, 
arranged in longitudinal rows, especially in the narrower branches. Sometimes 
this order is disturbed by groups of cells which show less order, mostly in the 
broader parts of the thalli. Cell walls 14 /im thick. The chloroplast, when co¬ 
vering the outer cell wall, very thin, with delicate arms descending along some 
anticlinal cell walls. In just divided pairs of cells, the chloroplasts are often 
contracted and tilted away from their common cell wall. The chloroplast struc¬ 
ture is seldom obscured by numerous small and large starch grains. 2-6 pyrenoids 
per cell, 1-3 //m in diameter, elliptic. 

Anatomy, tips of short filiform branchlets (Fig. 150) 

In surface view, the monoseriate apex of young branchlets is mostly more 
than 5 cells long. The tip cell is usually slightly bigger than the other cells. 
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Sometimes the entire monoseriate apex consists of narrow strongly elongate 
cells. The other cells are on the whole somewhat smaller than normal thallus 
cells. Very young branchlets of about 6-10 cells are completely uniseriate. 


Reproductive cells (Fig. 142, 143, 145) 

In nature plants are dioecious gametophytes, producing 2-flagellate gametes, 
the male ones are slightly smaller and with smaller chloroplasts than the female 
ones, or sporophytes which produce big 4-flagellate zoospores. They appeared 
to be positively phototactic and were able to germinate very soon, except 
at temperatures lower than 12 C. 


Measurements based on 11 plants (in /im) 

axis, cells in surface view : 


lower basal region 

lower basal region, upper zone 

upper basal region 

middle region 

apical region 

branches, cells in surface view : 
basal region 
middle region 
apical region 
male gametes 
female gametes 
zoospores 


(30-)36(-42) x (18-)23(-27) 
(23-)29(-35) x (18-) 21(-24) 
(20-)25(-29) x (14-)16(-19) 
(19-)22(-25) x (12-)16(-19) 
(18-)21(-25) x (12-)15(-18) 

(14-)19(-23) x (10-)13(-15) 
(16-)19(-23) x(-12)14(-16) 
(12-)14(-16) x ( 7-) 8(-10) 

( 6-)6.5(- 7) x (2.5) 3(-3.5) 
(7-)7.5(-8.5) x (2.5-)3.5(4) 
( 9-) 11 (-12) x (5.5-) 7(- 8) 


Morphology of germlings and young fronds (Fig. 147) 

Zoospores and gametes germinate by forming a rhizoid. This rhizoid grows 
very strongly, and may branch before an upright growing filament is formed. 
The growth of this filament is also very strong, while the rhizoidal system 
shows intense branching. From some spherical rhizoidal cells often more fila¬ 
ments are formed. At a later stage the filaments grow into hollow cylinders. 
The first formed frond, the main axis, may form some branches along its whole 
length, or predominantly on the basal part. 


- Ecology and distribution 

E. clathrata has been collected from 4 stations (see Table 15 and Fig. 1). 


TABLE 15. - Specimens investigated 
(for locality numbers see Table 1 in KOEMAN & van den HOEK, 1982a) 

17 (VIII, '76, plants no. 572, 573, 574, 575, 576); 19 (VIII, ’76, plants no. 581, 582, 
583); 21 (VIII, ’76, plants no. 591, 592); 27 (VIII, ’76, plants no. 597, 598). 

All these localities are in the S.W. Netherlands, where the species was found 
growing, in late summer, in the polyhaline man-made lakes. It was never found 
in other places. This suggests a preference for higher temperatures in summer. 
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In our cultures the species failed to grow at temperatures below 12 C, which 
accords with the distribution of the species. It behaved as an euryhaline species 
which gave good growth at salinities ranging from 34-1.5 %o S. 

- Morphological and anatomical characters in culture 
(Figs 148,149) 

The important morphological and anatomical characters were retained in 
cultures. Under optimal conditions, cultured plants were coloured and branched 
like plants from nature. At salinities of best growth, plants had the characteristic 
arrangement of cells with up to 9 pyrenoids per cell. The chloroplasts of just 
divided cell pairs were often tilted away from each other, except in the youngest 
proliferations where the chloroplast was situated centrally against the outer 
cell wall. On the whole cells were smaller than those of the corresponding 
zones in the wild material (Table 16). 


TABLE 16 (cell dimensions in fJzn) 


wild material of E. clathrata 592 medium in culture 


upper basal region 

7 

(12-)16(-20) x ( 9-) 11 (-13) 

(20-) 24(-30) x (13-)15(-18) 

6 

5 

4 

(17-)22(-28) x (10-) 11 (-14) 
(17-)20(-22) x (14-)16(-18) 
(26-}29(-33) x (11-)13(-1 5) 


3 

2 

(22 )29( 35) x (16-)17(-19) 
(18-)21(-24) x (14-)15(-16) 

middle region 

7 

(ll-)l2(-14) x ( 7-) 9(-10) 

(17-)19(-21) x (13-) 15(-18) 

6 

5 

( 9 )11(14) x ( 6-) 8(- 9) 

(10-) 12(-15) x ( 6-) 8(10) 


4 

3 

(13-)15(-l7) x ( 9-)l 1(-13) 
(20-)21(-23) x (14-)16(-19) 


2 

(15 )17(19) x (10-)13(-15) 

apical region 

6 

(13 )16(19) x (10-)12(-15) 

(15-)20(-25) x (13-)15(-17) 

5 

( 9-)13(-15) x ( 6-) 8(-10) 

(10-) 14(-18) x ( 8-)10(-ll) 


3 

2 

(18-)23(-28) x (16-)17(-18) 
(16-)18(-21) x (11-)13(-14) 


DISCUSSION 

The six taxa described in this study and found in the Netherlands, were 
also recognized by BLIDING (1963), namely E. linza, E. linziformis (as E. 
flexuosa ssp. linziformis), E. pilifera (as E. flexuosa ssp. pilifera), E. flexuosa 
(as E. flexuosa ssp. flexuosa), E. ralfsii and E. clathrata. However, BLIDING 
ranged E. linza in his «Linza Group» and not in his «Prolifera Group», and 
E. ralfsii in his «Torta Groups and not in his «Flexuosa Groups. We range 
E. linza in the section Proliferae, which largely coincides with BLIDING’s 
«Prolifera Groups, and E. ralfsii in the section Flexuosae, which largely coin¬ 
cides with BLIDING’s «Flexuosa Groups, on the basis of their microscopic 
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characters. BLIDING’s «Clathrata Group» coincides with our section Clathratae, 
which was kept apart from the related section Flexuosae, on the basis of its 
microscopic characters (its larger cells; greater number of pyrenoids per cell; 
and its thin chloroplasts covering only a part of the outer cell wall). Five more 
entities placed by BLIDING in his «Flexuosa Group* were not found along the 
Netherlands coast, namely E. flexuosa ssp. paradoxa (inch var. profunda), E. 
flexuosa ssp. hiflagellata, E. hendayensis, E. stipitata var. linzoides and E. kylinii. 
Three species placed by BLIDING in his «Clathrata Group* were also absent in 
the collected material, namely : E. aragoensis, E. multiramosa and£. ramulosa. 

In contrast to BLIDING (1963) we think that his three entities £. flexuosa 
ssp. flexuosa, E. flexuosa ssp. linziformis and £. flexuosa ssp. pilifera should 
be considered as three separate species mainly on the basis of macroscopic 
differences. Two arguments favour in our opinion the distinction of the three 
entities as separate species. In the first place these entities occur in the field as 
well recognizable populations in many different stations. In the second place 
the main characters are retained in unialgal cultures. The species in the section 
Flexuosae differ primarily from one another by their macroscopic morphology. 
This is also true for the sections Enteromorpha (KOEMAN & van den HOEK, 
1982a) and Proliferae (KOEMAN & van den HOEK, 1982b). The sections 
however, differ from one another mainly by microscopic anatomical characters. 
The main characters of the section Flexuosae are the regular arrangement of 
the cells in longitudinal rows, the chloroplast with mostly 2 or more pyrenoids 
and thin descending lobes along the anticlinal cell walls. The main characters 
of the section Proliferae are the regular arrangement of the cells in longitudinal 
rows, the usual central position of the chloroplast against the peripheral cell 
wall and the presence of mostly one pyrenoid per cell. On the basis of these 
characters £. linza has been included in the section Proliferae. The four sections 
of Enteromorpha distinguished in the Netherlands can be identified with the 
following key : 

Key to the sections of Enteromorpha occurring in the Netherlands, 
la Pyrenoids mostly one per cell (in more than 80 % of the cells) in the middle 
and apical region of the main frond. 

b Pyrenoids mostly more than 2 per cell (in 50 % or more of the cells) in 
the middle and apical regions of the main frond 3 

2a Cells in apical and middle region unordered or arranged in groups with 
short curved, sometimes longitudinal cell rows. The central thicker part of 
the parietal chloroplast usually strongly tilted towards the apical cell side, 
having a cap-like appearance in surface view. section Enteromorpha 

b Cells in apical and middle region arranged in longitudinal and often trans¬ 
verse cell rows, or in 4-8 celled groups. The central thicker part of the 
parietal chloroplast usually situated centrally against the peripheral cell wall 

section Proliferae 

3a Cells in the lower basal regions mostly less than 25 x 20 pm in size. Cells 
in apical and middle region mostly containing 2-5 pyrenoids. 1 pyrenoid 
in up to 50 % of the cells; chloroplasts in apical and middle region mostly 
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covering (almost) entirely the peripheral cell wall (if not tilted). 

section Flexuosae 

b Cells in the lower basal regions mostly more than 25 x 20 jUm in size. 
Cells in apical and middle regions containing 2-9 pyrenoids; chloroplasts 
in apical and middle region thin, mostly covering only partly the peripheral 
cell wall section Clathratae 

Three of the four species of the section Flexuosae, namely E. linziformis, 
E. pilifera and E. flexuosa, have wide ecological amplitudes with regard to 
salinity and prefer sheltered locations. They occur in the lower littoral zones 
of sandy mudflats. E. linziformis extends into the polyhaline man-made lakes 
in the S.W. Netherlands. E. pilifera was predominantly found in meso- to oligo- 
haline stagnant waters, while E. flexuosa was found in all types of localities, 
even in two cases on low littoral wave exposed slopes of seadikes and harbour 
moles. E. ralfsii has a much narrower ecological range, and is limited to sheltered 
intertidal sandy mudflats, where it grows among salt marsh phanerogams, in 
mats together with E. torta. In culture reasonable to good growth is obtained 
for all species between 34-9 %o S. E. flexuosa and E. pilifera grew equally 
well at all salinities tested. 

E. linza is restricted to marine environments, where it grows on wave exposed 
to sheltered lower littoral slopes of seadikes and harbour moles, in tidal pools 
and on lower littoral sandy mudflats, attached to stones, shells and other algae 
like Fucus vesiculosus. Its occurrence in the polyhaline man-made lakes in the 
S. W. Netherlands is remarkable because it is here represented by the type 
which reproduces by 2-flagellate asexual zoospores. In culture this type gave 
good growth at salinities between 34-4 %o S, whilst cultures of the open coast 
form, (which mainly reproduces by 4- flagellate asexual zoospores), only gave 
good growth at salinities between 75-25 9bo S. 

E. clathrata occurs only in the polyhaline man-made lakes in the S.W. Nether¬ 
lands in late summer. It failed to grow in culture at temperatures below 12 C. 
It behaved as an euryhaline species, growing well, in cultures, at salinities ranging 
from 34-1.5 %o S. 
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